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RECENT PROGRESS IN SPECTROSCOPIC 
METHODS'* 


AN observer who for the first time views 
the light of the sun through a prism can 
not fail to express his wonder and delight 
at the gorgeous display of colors into which 
the white light is separated—and if the 
observation is made under the same con- 
ditions as in the celebrated experiment of 
Newton, 1666, there is in truth nothing else 
which he could observe. You will remem- 
ber that he allowed a beam of sunlight to 
stream through a round opening in a 
shutter of his window, falling on a glass 
prism, which bent the sun rays through 
different amounts depending on their color, 
thus spreading out the white round sunlit 
spot on the opposite wall into a colored 
band—the spectrum—which he rather 
arbitrarily divided into seven colors—red, 
orange, yellow, green, blue, indigo and 
violet. (If the division were made to-day 
I doubt if indigo would be included.) 
There is in fact no definite demarcation 
between these, and they shade insensibly 
into each other—and if the solar spectrum 
were always produced under these condi- 
tions we should say it was continuous, in- 
deed if it were not the sun but an argand 
burner or an incandescent lamp which 
served as source, it would really be so. 

But even if the source consisted of iso- 
lated (but sufficiently numerous) separate 
colors, the fact would be disguised by the 
overlapping of the successive images. In 
other words the spectrum is not pure. In 

1 Address of the president, Washington meeting, 
December, 1911. 
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order to prevent this overlapping, two im- 
portant modifications must be made in 
Newton’s arrangement. First the light 
must be allowed to pass through a very 
narrow aperture, and second, a sharp 
image of this aperture must be formed by 
a lens or mirror. 

The first improvement was introduced 
by Wollaston in 1802, who writes: 


If a beam of daylight be admitted into a dark 
room by a crevice 1/20 of an inch broad and re- 
ceived by the eye at a distance of 10 or 12 feet 
through a prism of flint glass held near the eye, 
the beam is seen to be separated into the four 
colors only, red, yellowish green, blue and violet. 
... The line that bounds the red side of the spec- 
trum is somewhat confused. . . . The line between 
the red and green .. . is perfectly distinct; so 
also are the two limits of the violet. There are 
other distinct lines (in the green and blue... .). 


The second improvement was effected by 
Fraunhofer, 1814, and by observing the 
light which fell from such a narrow aper- 
ture upon a prism by means of a telescope 
he discovered upward of 750 dark lines in 
the solar spectrum, and mapped their 
position and general character. 

In recognition of the enormous import- 
ance of this discovery, these lines are al- 
ways known as the Fraunhofer lines. 

A minor inconvenience in Fraunhofer’s 
arrangement lay in the fact that the slit 
source had to be at a considerable distance 
from the telescope; and this was obviated 
in the apparatus of Bunsen and Kirchhoff, 
1860, which is essentially the same as the 
modern spectroscope of to-day; consisting 
of a slit and collimator, prism and observ- 
ing (or photographic) telescope. 

And on this beautifully simple device 
rests practically the whole science of spec- 
troscopy, with all its wonderful applica- 
tions and all the astonishing revelations of 
the structure and motions of the sidereal 
universe, and of the constitution of the 
atoms of matter of which it consists—nay 
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even of the electrons of which these atoms 
are built! 

Without the telescope it is evident that 
the science of spectroscopy would be as lim- 
ited in its field as was the science of astron- 
omy without the telescope. It is interest- 
ing indeed to compare the progress of the 
two sciences as dependent on the successive 
improvements in the two instruments. 

Without the telescope nothing could be 
discovered concerning the heavenly bodies 
(with the exception of a few of the more 
evident features of the sun, the moon and 
the comets) except the brightness and 
places of the stars, and the motion of the 
planets—and even these could at best be 
very roughly determined (say to within 
one part in five thousand or something 
over a half minute of arc). Without the 
telescope spectroscopy would also have been 
limited to observations of general differ- 
ences in character of radiations and ab- 
sorptions, and a rough determination of 
the position of the spectral lines, with a 
probable error of this same order of magni- 
tude. 

In fact the resolving power of the eye is 
measured by the number of light waves in 
its diameter of the pupil, about 5,000, and 
if a double star (or a double spectral line) 
presents a smaller angle than 1/5,000 it is 
not ‘‘resolved.’’ The resolving power of a 
telescope with a one inch objective would 
be about 100,000; so that details of the solar 
and lunar surfaces and of planets, nebule 
and of double stars and star groups can be 
distinguished whose angular distance is of 
the order of 1/100,000. The discs of the 
planets, the rings of Saturn, the moons of 
Jupiter, and some star groups and clusters, 
begin to be distinguishable. Our largest 
telescopes have a resolving power as high 
as 2,000,000, corresponding to a limit of 
separation of one tenth of a second. 

But in order to realize the full benefit 
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of the telescope when used with a prism, 
the latter must be so large that the light 
which falls upon it entirely fills the object 
glass. The efficiency of the prism then de- 
pends on its size and on its dispersive 
power. 

In order to form an idea of the sepa- 
rating or resolving power in spectroscopic 
observations it will be convenient to con- 
sider the Fraunhofer line D of the solar 
spectrum, or the brilliant yellow line corre- 
sponding to the radiation given out by a 
salted aleohol flame. This Fraunhofer 
recognized as a double line, and the length 
of the light-waves of the components are 
approximately .0005890 mm. and .0005896 
mm. respectively. The difference is then 
6/5,893 of the whole, or about 1/1,000, re- 
quiring a prism of resolving power of 
1,000 to separate them. If the prism were 
made of flint glass with a base of 25 mm. 
it would just suffice to show that the line 
was double. 

Now we know of groups of spectral lines 
whose components are much closer than 
those of sodium. For instance, the green 
radiation emitted by incandescent mercury 
vapor consists of at least six components, 
some of which are only a hundredth of 
this distance apart, and requiring therefore 
a resolving power of 100,000 to separate 
them. This means a glass prism of 100 
inches, the construction of which would 
present formidable difficulties. These may 
be partially obviated by using twenty 
prisms of 5 inches each; but owing to 
optical imperfections of surfaces and of 
the glass, as well as the necessary loss of 
light by the twenty transmissions and forty 
reflections, such a high resolving power 
has not yet been realized. 

The parallelism of the problems which 
are attacked in astronomy and in spectro- 
scopy is illustrated in the following table. 
It is interesting to observe how intimately 
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these are connected and how their solution 
depends on almost exactly the same kind 
of improvement in the observing instru- 
ments, particularly on their resolving 
power; so that not only are the older prob- 
lems facilitated and their solution corre- 
spondingly accurate, but new problems be- 
fore thought to be utterly beyond reach 
are now the subject of daily investigation. 


Astronomical Spectroscopte 


1. Discovery of new Discovery of new ele- 


stars, nebule and ments. 
comets. 
2. Star positions. Wave-length of spec- 
tral lines. 
3. Double stars and Double lines, groups 
star clusters. and bands. 


Distribution of light im 
spectral ‘‘lines.’’ 


4. Shape and size of 
planets and nebule. 
? Star discs. 


5. Star motions (nor- Star motions (parallel 


mal to line of with the line of 

sight). Resolution sight). Resolution 

of doubles, solar of doubles, solar 

vortices, protuber- vortices, protuber- 
ances, etc. ances, etc. 

6. Changes of character 

and position of 


lines with tempera- 
ture, pressure and 
magnetic field. 
7. Spectroheliograph 
(Combination of telescope and spectroscope. ) 


We must especially note that the newer 
problems require an enormous resolving 
power. In the telescope this has been ac- 
complished partly by the construction of 
giant refractors and partly by enormous 
reflectors; and curiously enough the same 
double path is open to spectroscopy; for 
we may employ the dispersive power of 
refracting media or the diffractive power 
of reflecting media. The increasing cost 
and difficulty of producing large trans- 
parent and homogeneous blocks of glass 
have tended to limit the size and efficiency 
of lenses and of prisms, and these have 
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been more or less successfully replaced, 
the former by mirrors, and the latter by 
diffraction gratings. 

These are made by ruling very fine lines 
very close together on a glass or a metal 
surface. The effect on the incident light 
is to alter its direction by an amount which 
varies with the wave-length—that is, with 
the color; and a spectrum is produced 
which may be observed to best advantage 
by precisely the same form of spectrometer, 
with a substitution of a grating for the 
prism. 

The dispersion of a diffraction grating 
depends upon the closeness of the rulings; 
but the resolving power is measured by 
the total number of lines. It is important, 
therefore, to make this number as large as 
possible. 

The first gratings made by Fraunhofer, 
1821, contained but a few thousand lines 
and had a correspondingly low resolving 
power—quite sufficient, however, to sepa- 
rate the sodium doublet. A considerable 
improvement was effected by Nobert, whose 
gratings were used as test objects for 
microscopes, but these were still very im- 
perfect as spectroscropic instruments, and 
it was not till Rutherfurd, of New York 
(1879), constructed a ruling engine with a 
fairly accurate screw, that gratings were 
furnished which compared favorably with 
the best prisms in existence. 

With 30,000 lines (covering over 40 mm.) 
the theoretical resolving power would be 
30,000; practically about 15,000—suffi- 
cient to separate doublets whose compon- 
ents were only one fifteenth as far apart as 
those of the sodium doublet. 

An immense improvement was effected 
by Rowland (1881) whose gratings have 
been practically the only ones in service for 
the last thirty years. Some of them have 
a ruled surface of 150 mm. X 60 mm., with 
about 100,000 lines and can separate doub- 
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lets whose distance is only one one hun- 
dredth of that of the sodium doublet, in 
the spectrum of the first order. In the 
fourth order, it should resolve lines whose 
distance is only one fourth as great. 

Practically, however, it is doubtful if 
the actual resolving power is more than 
100,000; the difference between the theo- 
retical and the actual performance being 
due to the defect in uniformity in the spae- 
ing of the grating furrows.’ 

The splendid results obtained by Row- 
land enabled him to produce the magnifi- 
cent atlas and tables of wave-lengths of the 
solar spectrum which are incomparably 
superior in accuracy and wealth of detail 
to any previous work; so that until the 
last decade this work has been the univer- 
sally accepted standard. With these 
powerful aids it was possible not only to 
map the positions of the spectral lines 
with marvellous accuracy, but many lines 
before supposed simple were shown to be 
doublets or groups; and a systematic rec- 
ord is given of the characteristics of the 
individual lines, for example, whether they 
are intense or faint, nebulous or sharp, nar- 
row or broad, symmetrical or unsymmetri- 
eal, reversed, ete.—-characteristics which 
we recognize to-day as of the highest im- 
portance, as giving indications of the 
structure and motions of the atoms whose 
vibrations produce these radiations. 

One of the most difficult and delicate 
problems of modern astronomy is the 
measurement of the displacement of spec- 
tral lines in consequence of the apparent 
change of wave-length due to ‘‘radial ve- 
locity’’ or motion in line of sight. This is 


? This applies to all the Rowland gratings which 
have come under my notice, with the exception of 
one which I had the opportunity of testing at the 
Physical Laboratory, University of Gdttingen. 
The resolving power of this grating was about 
200,000. 
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known as the Doppler effect and had been 
well established for sound waves (a loco- 
motive whistle appears of higher pitch 
when approaching and lower when reced- 
ing) but it was only confirmed for light by 
Huggins and by Vogel in 1871, by the ob- 
servation of displacements of the solar and 
stellar spectral lines on observing in suc- 
cession the advancing and the receding 
limb of the sun. 

It may be worth while to indicate the 
accuracy necessary in such measurements. 
The velocity of rotation of the sun’s equa- 
tor is approximately two kilometers per 
second, while the velocity of light is 300,- 
000 kilometers per second. According to 
Doppler’s principle the corresponding 
change in wave-length should be 1/150,000 
—a quantity too small to be ‘‘resolved’’ by 
any prism or grating then in existence. 
But by a sufficient number of careful 
micrometer measurements of the position 
of the middle of a given spectral line, the 
mean values of two such sets of measure- 
ments would show the required shift. It is 
clear, however, that if such radial veloci- 
ties are to be determined with any consid- 
erable degree of accuracy, nothing short of 
the highest resolving power of the most 
powerful gratings should be employed. 

Another extremely important application 
of spectroscopy to solar physics is that 
which in the hands of Hale and Deslandres 
has given us such an enormous extension 
of our knowledge of the tremendous activi- 
ties of our central luminary. 

The spectroheliograph, devised by Hale 
in 1889, consists of a grating spectroscope 
provided with two movable slits, the first 
in its usual position in the focus of the col- 
limator, and the second just inside the 
focus of the photographie lens. A uniform 
motion is given to the two slits so that the 
former passes across the image of the solar 
dise, while the other exposes continually 
fresh portions of the photographic plate. 
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If the spectroscope is so adjusted that 
light of the wave-length of a particular 
bright line in a solar prominence (say one 
of the hydrogen or the calcium lines) passes 
through the spectroscope then a photograph 
of the prominenees, or sun spots or facule, 
ete., appear on the plate. But the character 
of this photograph depends on the portion 
of the bright spectral ‘‘line’’ which is effee- 
tive, and as the entire range of light in 
such a line may be only a thirtieth part of 
the distance between the sodium lines, it 
would require a resolving power of at least 
100,000 to sift out the efficient radiations 
so that they do not overlap. 

As another illustration of the importance 
of high resolving power in attacking new 
problems, let us consider the beautiful re- 
sults of the investigations of Zeemann on 
radiation in a magnetic field. The effect 
we know is a separation of an originally 
simple radiation into three or more, with 
components polarized at right angles to 
each other. This is one of the very few 
eases where it is possible to actually alter 
the vibrations of an atom (electron) and 
the fact that the effect is directly caleul- 
able, as was first shown by Lorentz, has 
given us a very important clue to the struc- 
ture and motions of the atoms themselves. 

The experiment is made by placing the 
source of radiation (any incandescent gas 
or vapor) between the poles of a powerful 
electromagnet and examining the light 
spectroscopically. Now this experiment 
had been tried long before by Faraday but 
the spectroscopic appliances at his disposal 
were entirely inadequate for the purpose. 

Even in the original discovery of Zee- 
mann only a broadening of the spectral 
line was observed, but no actual separa- 
tion. In fact, the distance between com- 
ponents which had to be observed was of 
the order of a hundredth of the distance 
between the sodium lines, and in order to 
effect a clear separation and still more to 
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make precise measurements of its amount, 
requires a higher resolving power than was 
furnished by the most powerful gratings 
then in existence. 

As a final illustration, let us consider the 
structure of the spectral ‘‘lines’’ them- 
selves. Rowland’s exquisite maps had 
shown many of these which were then 
thought simple, to be double, triple or 
multiple, and there are clear indications 
that even the simpler lines showed differ- 
ences in width, in sharpness and in sym- 
metry. But the general problem of the 
distribution of light within spectral lines 
had scarcely been touched. Here also the 
total ‘‘width’’ of the line is of the order of 
one one-hundredth of the distance between 
the sodium limes and it is evident that 
without more powerful appliances further 
progress in this direction was hopeless. 

Enough has been said to show clearly 
that these modern problems were such as to 
tax to the utmost the powers of the best 
spectroscopes and the experimental skill of 
the most experienced investigators. 

Some twenty years ago a method was de- 
vised which, though somewhat laborious 
and indirect, gave promise of furnishing a 
method of attack for all these problems, far 
more powerful than that of the diffraction 
grating. 

Essentially, the extremely simple appa- 
ratus which is called the interferometer 
consists of two plane glass plates. These 
can be made accurately parallel and their 
distance apart can be varied at will. 
When light is reflected from the surfaces 
which face each other, the two reflected 
beams of light waves ‘‘interfere’’ in such a 
way as to add to each other, giving bright 
maxima, or to annul each other’s effect, 
producing dark spaces between. 

The alternations of light and darkness 
which occur when the eye observes in the 
direction of the normal are very marked 
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so long as the plates are very near together 
—but as this distance increases, the inter- 
ferences become less and less distinct until 
at a distance which depends on the char- 
acter of the incident light they vanish com- 
pletely. perfectly definite relation 
holds between the ‘‘visibility curve’’ and 
the character of the radiation so that the 
one can be deduced from the other. 

Now the ‘‘resolving power’’ of such an 
apparatus is measured by the number of 
light waves in the doubled distance be- 
tween the surfaces. This is about 100,000 
for a distance of one inch; but the distance 
is in fact wnlimited and as the instrument 
itself is practically free from errors of any 
sort, its resolving power is practically 
unlimited. 

The use of this method of light wave 
analysis is attended with certain difficul- 
ties, and the results obtained are not 
always free from uncertainties ; but in view 
of the fact that at this time no other 
methods of this power had been devised, it 
has amply proved its usefulness. Among 
the results achieved by it may be men- 
tioned: the resolution of many lines sup- 
posed single into doublets, quadruplets, 
ete.; the measurement of their distances 
apart; the distribution of light in the com- 
ponents; the measurement of their width 
and the changes produced in them by tem- 
perature, pressure, and presence of a mag- 
netic field. 

Among the radiations thus examined one 
proved to be so nearly homogeneous that 
over two hundred thousand interference 
bands could still be observed. Otherwise 
expressed, the exact number of light waves 
in a given distance, say ten centimeters, 
could always be determined ; and by a com- 
parison with the standard meter the abso- 
lute wave-length of this radiation could be 
measured and made to serve as a basis for 
all wave-lengths. 
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The standard of length itself, the 
standard meter, is defined as the distance 
between two lines on a metal bar; and not- 
withstanding all the care taken in its 
manufacture and preservation, there is no 
assurance that it is not undergoing a con- 
stant slow change, doubtless very small, 
but appreciable by the refinements of 
modern metrological methods, if there were 
any fundamental unchangeable stand- 
ard with which it could be compared. The 
earth’s cireumference was supposed to be 
such a standard and the meter was origi- 
nally defined as the millionth part of an 
earth-quadrant; but the various measure- 
ments of this quadrant varied so much that 
the idea was abandoned. The attempt to 
base the standard on the length of a 
seconds-pendulum was no more successful. 

But we have now the means of compar- 
ing the standard meter with the length of 
a light wave (the standard meter contains 
1,553,163 waves of the red radiation from 
cadmium vapor) so that should the present 
standard be lost or destroyed, or should it 
vary in length in the course of years, its 
original value ean be recovered so ac- 
curately that no microscope could detect 
the difference. True it is that in the 
course of millions of years the properties 
of the atoms which emit these radiations 
and the medium which propagates them 
may change—but probably by that time the 
human race will have lost interest in the 
problem. 

The diffieulties in the application of the 
interferometer method of investigating the 
problems of spectroscopy, it must be ad- 
mitted, were so serious that it was highly 
desirable that other instruments should be 
devised in which these difficulties were 
avoided. This need was supplied by the 
‘‘echelon,’? an instrument based on the 
same principle as the diffraction grating, 
but consisting of a pile of glass plates of 
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exactly equal thickness and forming a kind 
of stairs, whence its name. 

The grating acts by assembling light- 
waves whose successive wave trains are re- 
tarded by some small whole number of 
waves (usually less than six, the distance 
between the grating spaces being about six 
light-waves), whereas this retardation in 
the echelon is many thousand. 

But the resolving power depends on the 
total retardation of the extreme rays, and 
this may be made very large, either by hav- 
ing an enormous number of elements with 
small retardations—or by a comparatively 
small number of elements with large re- 
tardations. For example, an echelon of 
thirty plates of glass one inch thick, each 
producing a retardation of 25,000 waves, 
would have a resolving power 750,000— 
about seven times that of the grating; and 
this high value has actually been realized 
in practise. 

Simultaneously Perot and Fabry showed 
that by the repeated reflections between 
two silvered surfaces’ a very high resolving 
power is obtained, and a few years later 
Lummer devised the plate interferometer 
which embodies practically the same idea. 

The resolving power of all of these newer 
devices is clearly many times as great as 
that of the grating—but all equally share 
the objection which holds (but to a far less 
extent) for the grating, that the different 
succeeding spectra overlap. It is true that 
this difficulty may be overcome (though 
with some loss of simplicity and consider- 
able loss of light) by employing auxiliary 
prisms, gratings, echelons, ete., and in this 
form all these modern instruments have 
contributed results of ‘far reaching im- 


portance, and which would have been im- 


possible with the older instruments. 

*Boulouch, 1893, had observed that Na rings 
were doubled both by reflection (grazing inci- 
dence) and transmission (normal incidence) with 
a light silver film. 
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The diffraction grating possesses so many 
advantages in simplicity and convenience 
of manipulation that it is even now used in 
preference to these modern instruments, 
save for such refinements as require an 
exceptionally high resolving power. But 
has the resolving power of the grating been 
pushed to the limit? We have seen that 
this depends on the number of rulings; and 
it is certainly possible to increase this 
number. But the theoretical value is only 
reached if the rulings are very accurately 
spaced; for instance, the resolving power 
of the Rowland grating is only one third 
of its theoretical value. This is a direct 
consequence of inaccuracies in the spacing 
of the lines. If a grating could be con- 
structed of say 250,000 lines with exact 
spacing, the resolving power would be 
equal to that of the most powerful echelon. 
The problem of the construction of such 
gratings has occupied my attention for 
some years; and while it has met with some 
formidable difficulties, it has had a fair 
measure of success and gives promise of 
still better results in the near future. 

The essential organ in all ruling engines 
in actual use is the screw which moves the 
optical surface to be ruled through equal 
places of the order of a five hundredth to 
one thousandth of a millimeter at each 
stroke; and the principal difficulty in the 
construction of the machine is to make the 
screw and its mounting so accurate that 
the errors are small compared with a 
thousandth of a millimeter. 

This is accomplished by a long and tedi- 
ous process of grinding and testing which 
is the more difficult the longer the screw. 
A screw long enough to rule a 2-inch grat- 
ing could be prepared in a few weeks. 
Rowland’s screw, which rules 6-inch grat- 
ings, required two years or more—and a 
screw which is to rule a grating 15 inches 
wide should be expected to take a much 
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longer time, and in fact, some ten years 
have been thus occupied. 

I may be permitted to state a few >f the 
difficulties encountered in this work—some 
of which would doubtless have been dimin- 
ished if my predecessors in the field had 
been more communicative. 

First, is the exasperating slowness of the 
process of grinding and testing the screw. 
This can not be hurried, either by grinding 
at greater speed, or by using any but the 
very finest grade of grinding material. 
The former would cause unequal expan- 
sions of the screw by heating; and the lat- 
ter would soon wear down the threads till 
nothing would be left of the original form. 

Secondly, in ruling a large grating, 
which may take eight to ten days, the rul- 
ing diamond (which must be selected and 
mounted with great care) has to trace a 
furrow several miles long in a surface as 
hard as steel—and often breaks down 
when the grating is half finished. The 
work can not be continued with a new dia- 
mond and must be rejected and a new 
grating begun. 

Thirdly, the slightest yielding or lost 
motion in any of the parts—screw, nut, 
carriage or grating, or of the mechanism 
for moving the ruling diamond—is at once 
evidenced by a corresponding defect in the 
grating. When after weeks or sometimes 
months of preparation all seems in readi- 
ness to begin ruling, the diamond point 
gives way and as much time may have to 
be spent in trying out a new diamond. 

When the accumulation of difficulties 
has seemed insurmountable, a _ perfect 
grating is produced, the problem is con- 
sidered solved, and the event celebrated 


‘A method of ruling gratings accurately, which 
is independent of any mechanical device, is now 
in process of trial, in which the spacing is regu 
lated by direet comparison with the light-waves 
from some homogeneous source such as the red 
radiations of cadmium. 
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with much rejoicing, only to find the next 
trial a failure. In fact, more time has 
been lost through such premature exhibi- 
tions of docility than in all the frank dee- 
larations of stubborn opposition ! 

One comes to regard the machine as hav- 
ing a personality—I had almost said a 
feminine personality—requiring humor- 
ing, coaxing, cajoling—even threatening! 
But finally one realizes that the personality 
is that of an alert and skilful player in an 
intricate but fascinating game—who will 
take immediate advantage of the mistakes 
of his opponent, who ‘‘springs’’ the most 
disconcerting surprises, who never leaves 
any result to chance—but who nevertheless 
plays fair—in strict accordance with the 
rules of the game. These rules he knows 
and makes no allowance if you do not. 
When you learn them and play accord- 
ingly, the game progresses as it should. 

As an illustration of the measure of suc- 
cess attained in this work, I would eall at- 
tention to a recent comparison by Messrs. 
Gale and Lemon of the performance of a 
grating of 64-inch ruled surface with that 
of the echelon, the Perot and Fabry inter- 
ferometer and the Lummer plate. The test 
object is the green radiation from incan- 
descent mereury vapor, The spectrum of 
this radiation had been supposed a simple 
line, until the interferometer showed it to 
be made up of five or more components. 
The whole group occupies a space about 
one fifteenth of that which separates the 
sodium lines. 

The grating clearly separates six com- 
ponents while the more recently devised 
instruments give from six to nine. Two of 
these components are at a distance apart 
of only one hundred and fiftieth of the dis- 
tance between the sodium lines, and these 
are so widely separated by the grating that 
it would be possible to distinguish doublets 
of one half to one third this value; so that 
the actual resolving power is from 300,000 
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to 400,000—of the same order, therefore, 
as that of the echelon. 

It may well be asked why it is necessary 
to go any further. The same question was 
put some twenty years ago when Rowland 
first astonished the scientific world with re- 
solving powers of 100,000—and it was his 
belief that the width of the spectral lines 
themselves was so great that no further 
‘*resolution’’ was possible. But it has 
been abundantly shown that this estimate 
proved in error, and we now know that 
there are problems whose solution depends 
on the use of resolving powers of at least 
a million, and others are in sight which 
will require ten million for their accurate 
solution, and it is safe to say that the 
supply will meet the demand. 

To return to our comparison of the teles- 
cope and the spectroscope; while the prog- 
ress of investigation of the stellar universe 
will be ever furthered by increased size 
and resolving power of the telescope, this 
is very seriously hampered by the turbu- 
lence of the many miles of atmosphere 
through which the observations must be 
made. But there is no corresponding limit 
to the effective power of spectroscopes and 
the solution of the corresponding prob- 
lems of the sub-atomic structures and mo- 
tions of this ultra-microscopic universe 
may be confidently awaited in the near 
future. 

The message we receive from the depth 
of the stellar firmament or from the elec- 
tric ares of our laboratories, come they in 
a millionth of a second or in hundreds of 
light years, are faithful records of events 
of profound significance to the race. They 
come to us in cipher—in a language we 
are only beginning to understand. 

Our present duty is to make it possible 
to receive and to record such messages, 
When the time comes for a Kepler and a 
Newton to translate them we may expect 
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marvels which will require the utmost pow- 
ers of our intellect to grasp. 
A. A. MICHELSON 
UNIVERSITY OF CHICAGO 


AMERICAN SOCIETY OF NATURALISTS 
HEREDITY AND PERSONALITY’? 


Tue fathers of the American Society of 
Naturalists in their wisdom made the pres- 
ident’s address an after dinner speech. 
What can they have meant by that, save 
to free him from the shackles of that rigor- 
ously scientific procedure which marks our 
day-light program, to enable him to speak 
in lighter vein, to discourse of things that 
as a technical scientist he can not touch; 
in short, to invite him to leave the solid 
ground of science, and, following the mod- 
ern vogue, circle about a bit in the at- 
mosphere above? 

And so, in accordance with their pru- 
dent provision, I shall neither present to 
you results of my own experimentation, 
nor indulge in that favorite present-day 
pastime of geneticists, so facile when one 
is far from the material itself, of demon- 
strating that the experiments of some one 
else prove just the opposite of what he 
supposed them to prove. There lacks, alas! 
no opportunity for disputation in that part 
of genetics where I am at work, but the 
problem of pure lines and selection has 
been at this meeting of the society in more 
competent hands than my own, and it now 
needs, not more argument or exposition, 
but further investigations that shall fulfil 
the demands of both sides—the analytical 
experimentation of the pure line worker, 
the analytical computation of the statis- 
tical school—till the two come to some uni- 
fied result. 

So, turning aside from all this, I shall 
put forth some reflections on the relation 


* Presidential address before the American So- 
ciety of Naturalists, December 28, 1911. 
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of our knowledge of genetics to certain 
human problems. We ourselves are sam- 
ples of the material whose rules of action 
we seek in studying genetics, and one 
ean’t help thinking of the bearing of the 
rules we discover on some of the more inti- 
mate questions of human life—even though 
these reflections may lead nowhere and 
justify no practical conelusions. Consid- 
erations of such a sort are forbidden 
ground to the man of science in his techni- 
eal réle; yet the human being, even though 
he has been through the scientific mill, is 
attracted by the forbidden, particularly 
as an after dinner diversion. We spend 
our time searching for the practical appli- 
cations of genetics; it may be a rest from 
the strain to dally a few moments with the 
unpractical aspects. I judge that it is 
clear that what I have to say will have no 
relation to eugenics. 

Geneties is that part of science which 
deals with the question of how living 
things have come to be what they are, and 
with what is to become of them later. Now, 
these are questions that have long troubled 
the minds of the living things that make 
up mankind, with relation to themselves. 
Shall we lay ourselves open to the charge 
of audacity, of presumption, even of im- 
piety, if then we try to bring the prob- 
lems of the origin and fate of human indi- 
viduals into relation with the science of 
genetics? Following the admonition of 
America’s philosopher, that we shall do 
what we are afraid to do, let us venture. 

It is popularly held that in the last 
twenty years genetics has begun to be a 
science. We seem at last to have gotten 
hold of some of the threads by which the 
web unravels, and if the unraveling has 
not yet gone far, we at least see that the 
process works; that we make progress at 
it. It is perhaps no longer an adequate 
statement of our knowledge to say, as 4 
French author did some years ago: 
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Heredity is a vain word. There are in it no 
laws to be drawn forth, and consequently no 
principles that can be stated. There are simply 
certain curious remarks that may be made, some- 
times for, sometimes against, the transmission of 
virtues and vices by blood. And there are no 
more cases for than against. 


Perhaps we may say that two chief 
things have been discovered. One is that 
there is a certain permanency of type in 
living things, along with a certain dissec- 
tibility, as it were, and a capacity for re- 
combination in diverse ways. Certain 
traits or characters seem to crystallize out, 
and such erystallized units hold together, 
and may be moved about, in the processes 
of generation, according to certain rules, 
from one individual to another, and com- 
bined with other crystals from a diverse 
source. Or, to change the figure, we find 
the living world to be a web or net of defi- 
nite, relatively permanent strands, that 
interweave, that unite and separate, a 
given strand passing now into one individ- 
ual, now into another; each individual pre- 
senting a new combination of the strands; 
a new knot in the web. And we have 
worked out certain of the rules according 
to which this interweaving takes place. 

The second great discovery is that of 
some of the intimate material processes of 
this interweaving. So far as we have gone, 
we find that the strands which appear in 
one view as personal characteristics, phys- 
ical or mental, appear in another as mater- 
ial processes, visible under the microscope; 
and the rules for the interweaving that we 
discover by the study of one aspect of the 
web we find faithfully followed when we 
study the other aspect. This correspond- 


ence seems to that unscientific wondering 
individual which every man of science con- 
ceals, one of the most astounding things in 
science; it illustrates again the artless in- 
genuousness of the popular idea that mat- 
ter is something simple and well known, 


SCIENCE 


903 


and that we deprive a phenomenon of its 
wonder by showing that it takes place in 
matter. What happens in the personal 
world finds its parallel, so far as we can 
see, in the happenings of matter; the 
wonder of the event is not increased or di- 
minished whether we must eall its medium 
matter or something else equally mysteri- 
ous and unfathomable; for nothing could 
be more so. 

Our experimental science of genetics is 
a physiology of the processes by which new 
generations are produced, comparable to 
the physiology of metabolism—rather than 
a study or doctrine of evolution; although 
we believe, and perhaps we see, that a 
knowledge of it must precede any correct 
understanding of evolution. Indeed, the 
direct attacks hitherto made on the prob- 
lem of how evolution occurs seem to owe 
their relative lack of success to the fact 
that they were not based on a knowledge of 
the normal physiology of generation; to 
obtain this preliminary knowledge is now 
the immediate task of investigation. But 
this gives us as yet little or nothing that is 
final on how the strands that make up the 
living web arise, how they get their unity 
and permanence, and how they are trans- 
formed. Selection, mutation, environ- 
mental action, formation of developmental 
habits—each of these stands before us 
with a question mark so large as to over- 
shadow the word itself; experimentation 
finds it equally difficult to confirm any of 
them. 

But the existence and interweaving, ac- 
cording to rules, of these relatively per- 
manent strands, are what remain to 
us positively. What is the relation of these 
things to our own existence and person- 
ality ? 

As a material, potentially visible organ- 
ism, I, like the infusorian, have been in 
existence ever since the race that devel- 
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oped into human kind began. And this, 
for each of us, is not a figure of speech, 
but the plain literal truth. An unlimited 
microscopist could have followed with his 
eyes my course, and your course, down 
through countless ages, never losing sight 
of the material organism for an instant, 
just as our colleague, Dr. Woodruff, fol- 
lows day by day his thousands of genera- 
tions of Paramecium. I was in actual ma- 
terial existence as a living organism, and 
indeed thousands or millions of years old, 
when the pyramids were built, and my un- 
limited microsecopist could give my history 
from that time to this without a break. 
What marks has that long history left on 
my personality and character? 

When in England for the first time last 
summer, I was struck with the familiarity 
of things strange; by a feeling as if I had 
returned to my old home. The great 
things of England seem the working out, 
the carrying to a limit, as it were, of the 
tastes that live in me and mine, while the 
great things of other countries are the 
revelation of a spirit to me relatively new 
and foreign. It may not have been an ex- 
planation, but it was the truth when I 
said to myself at that time: I have indeed 
lived in England many hundred years, 
much longer than I have lived in America. 
During the thousands of years of my exist- 
ence I have had experience of many lands 
and many people. But of the last thous- 
and years of my life, I have spent all but 
a couple of centuries or so in England. 
During that time I have taken part in the 
growth and development of many an Eng- 
lishman, and of many an Englishwoman. 
And who can say that what I have grown 
into in America has not been partly de- 
termined by those habits of growth and 
development that I acquired in that pleas- 
ant English country—so that it is small 
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wonder if things there fit me as if they and 
I were made together? 

True, I was but a cell in the bodies of 
those many Englishmen, but are we sure 
that that statement has any real meaning: 
that the cell—even the germ cell—is in 
any sense a separate thing from the re- 
mainder of the body? Must we not rather 
conceive the body as a unit, in which all 
parts share in the developmental processes 
that occur? In those activities of organ- 
isms that are most readily studied, the 
principle holds that any process gone 
through repeatedly and under stimulation 
later takes place more readily and without 
the original stimulus. There is no reason 
why we should not expect this principle to 
hold in development as well as in the other 
activities of living things. If the body de- 
velops as a unit and each cell in the body 
takes part in that development, we have 
the basis required for the operation of this 
principle. After it has developed in a cer- 
tain way a number of times under the ac- 
tion of certain environmental stimuli, a 
piece of the body, forming the germ cell, 
would later develop in the same way with- 
out the same stimuli. What we have been 
accustomed to develop into for the last sev- 
eral thousand years, under the stimulus of 
our old homes in Europe, possibly we de- 
velop into here, so that our old homes fit 
us as a mold fits the candle that was 
shaped in it. 

The gradual formation of developmental 
habits seems the only form of the idea of 
inheritance of acquired characters that is 
not opposed by any of the experimental 
facts, that helps us to understand why so 
many acquired characters are not in- 
herited—since they are not produced by 
the developmental processes of the organ- 
ism; that fits all the recent cases which 
give positive evidence for the inheritance 
of acquired characters, and that is based 
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on a law actually known to hold for those 
organic processes that are most favorable 
for study with relation to such laws. Can 
a stronger statement be made for the effi- 
ciency of selection or of any other factor, 
as producing and modifying the character- 
istics of organisms? There was a time, not 
distant, when the biologist hardly dared 
speak of the possibility of the inheritance 
of acquired characters in any sense, be- 
cause experimentation was unable to dem- 
onstrate its occurrence. But after learning 
the rules for the interweaving and transfer 
of characteristics in successive generations, 
we find as much difficulty in showing ex- 
perimentally that selection modifies hered- 
itary characters as we do in showing the 
inheritance of acquired developmentai 
habits, so that the two ideas now stand 
once more on the same footing. This revo- 
lutionary change in the relation of these 
two possible factors is one of the important 
fruits of the recent development of genetic 
science, with its demonstration that most 
of what had been considered a productive 
action of selection was in reality not such. 
If we are reduced once more to judging 
the two ideas by their relative value for 
explaining what we find to exist, habit for- 
mation in development does not suffer by 
comparison with selection. 

If the formation of developmental habits 
really occurs, then the fact that each of us 
has taken part in the development of so 
many men and so many women, and even, 
in former times, in the development of so 
many creatures not yet men and women, 
helps us to understand many of our im- 
pulses, revealed suddenly and unexpect- 
edly to ourselves; helps us realize why we 
feel that the character and tastes we have 
manifested in our lives form only one of 
the types of character that we might have 
displayed ; that perhaps we have displayed 
in times past. 
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But however it be with this particular 
point, I have lived, like the infusorian, 
in unbroken material continuity for un- 
counted ages; if the phrase ‘‘ potential 
immortality’? means anything for the in- 
fusorian, it means exactly the same for 
me, so far as we can judge from past 
history. 

But what then of the future? We 
have each a singular wish to trace our. 
existence not so much backward as for- 
ward; certainly no other problem of gen- 
etics has commanded such universal in- 
terest as that of immortality. 

Many non-scientific theories of immor- 
tality have held that we do continue to 
exist in later generations, in the form of 
human beings or in other forms, but that 
we do not remember our previous lives. 
This last proviso is a relapse into science; 
it is an attempt to reckon with the facts, 
for we each observe, upon inspection, that 
we do not remember a previous existence. 

What difference would there be between 
reincarnation without recollection of our 
previous experiences—and the actual re- 
living of our characteristics when a por- 
tion of our body develops anew the char- 
acter and traits that now exist in us? If 
you are a reincarnation of some former 
individual without the remembrance of his 
experience—and J am a re-development of 
the characteristics of some former indi- 
vidual from a piece of his body—what 
pragmatic difference, what difference that 
experiment or experience could detect, 
would there be between the two cases? 

Thus the fact that we re-live in posterity 
would seem to constitute all that can be 
meant by immortality without recollection 
—if we reproduced as the infusorian does, 
each for himself, each giving rise to indi- 
viduals like himself. 

But just here we meet that tremendous 
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complication, which confuses the mind on 
this point, as it does on so many others. 
How relatively simple a science would biol- 
ogy be, and how totally different from 
what it is, if there were no intermingling 
of individuals for reproduction! The 
next re-development of me is not merely 
myself—my characteristics, but a combina- 
tion of my characteristics with those of 
some one else. And not all of my charac- 
ters go into the new generation, but only a 
part of them. And still more perplexing, 
what I contribute to this new generation 
often turns out not to be my personal 
characteristics at all, but those of various 
and sundry other persons scattered along 
the line down which I have come, and for 
which I have served merely as a store- 
house, without my knowledge or consent. 

And in fact, it turns out that J have 
been merely a sort of focus or knot, in 
which a lot of strands have been tied to- 
gether—strands that diverge before and 
behind me. Cut the knot—the strands 
separate, scatter and unite with others. 
Those in my knot have come from a hun- 
dred others, and may later unite in a hun- 
dred still diverse. Of my characteristics 
I may say, like Iago of his purse ‘‘’twas 
mine, ’tis his, and has been slave to thou- 
sands.’’ Only the scattered parts of me 
will continue to exist, in diverse persons. 
And so much is already true; my com- 
ponent parts exist at this moment in many 
persons now alive, so that if the continued 
existence of my scattered parts is what we 
must mean by immortality, then such im- 
mortality is the lot of all; it holds as well 
and in the same sense for him who leaves 
no children of his own as for the parent. 
The conclusion of the whole matter, from 
this point of view, can be only that hu- 
manity is but a single organism, merely 
temporarily separated into pieces, which 
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later reunite, and that we personally must 
console ourselves (if it is a consolation) 
with the realization that our characteris- 
ties exist elsewhere in humanity and will 
continue to exist after that particular knot 
which forms the present self has been 
untied. 

But has not our point of view thus far 
been after all inadequate for sounding the 
real depths of our problem? It omits the 
deepest of all the difficulties; the fact that 
I, the ego, as a feeling, experiencing, know- 
ing self, am identified with only one of 
these knots into which the living strands 
are tied; my experiences cling to that one 
alone. Was it the small boy Huxley (or 
was it some other one of the famous pre- 
eocious youngsters that fulfilled their 
promise) who asked his mother whether 
she was not overwhelmed by the conscious- 
ness of her own identity? And isn’t that 
the most extraordinary of all things, that 
my experience, embracing in its grasp the 
universe, is tied down in relations of iden- 
tity to a single one of the millions of knots 
tied in this web of strands that have come 
down from the unbeginning past? For an 
observer standing to one side, as it were, it 
is not difficult to comprehend that different 
combinations of strands should give differ- 
ent characteristics; different personalities 
in that sense. But that the observer him- 
self—my total possibility of experience, 
that without which the universe for me 
would be non-existent—that this should be 
given only by one particular combination 
is hard to conceive. 

It is the problem of distribution that 
here seems to call for analysis. Through 
the operation of what determining causes 
is my self—my entire possibility of experi- 
encing this wonderful universe—tied to 
this particular one of the combinations of 
strands, rather than to some of the mil- 
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lions of others? And would J never have 
been, would J have lost my chance to par- 
ticipate in experience, would the universe 
never have existed for me, if this combina- 
tion had not been made? 

There seem to be certain facts that bear 
upon this question. My self, my personal 
identity, has as a matter of fact arisen in 
connection with a particular union of two 
germ cells each bearing a certain combina- 
tion of the strands that determine charac- 
teristics. The essential question is: Could 
any other combination have produced my 
personal identity ? 

We find that other combinations are 
formed in great number, but that none of 
these do as a matter of fact produce my 
self, not even when they are combinations 
of germ cells from the same two parents. 
Suppose that my particular combination 
of germ cells had never been made, then 
seemingly those other combinations that 
are made would produce the same results 
that they now produce, namely, individ- 
uals that are not-J. And my personal 
possibility of experience would have been 
forever non-existent! 

On this basis, what are the chances that 
I should ever have existed; that the par- 
ticular combination which produced me 
should ever have been made? According 
to competent authorities, one of the two 
preexisting combinations from which my 
combination was derived possessed some- 
what more than 17,000 germ cells, while 
the other produced the very considerable 
number of 339 billions of germ cells. So 
far as conditioned by the characteristics of 
these germ cells, any one of the 300 bil- 
lions might have united with any one of 
the 17,000; any combination was a priori 
as probable as any other, and the chance 
that my particular combination should 
have been formed was therefore but one in 
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five millions of billions! Gentlemen, I 
must congratulate myself on my fortune 
in being with you this evening! 

But this gives but a minute fraction of 
the real odds against my existence, or your 
existence, if each of us depends on the 
occurrence of some particular combination 
of the strands. We have taken my two 
parents and their union as given. But the 
chances were equally many thousands of 
billions to one against the existence of each 
of them, and even existing, they might 
have mated otherwise, absolutely preclud- 
ing the possibility of that combination to 
which my identity and experience are at- 
tached; and if we go back many genera- 
tions, applying as we must the same con- 
siderations, we see that the system of nota- 
tion which humanity has devised would 
be quite inadequate to express the odds 
against the formation of the combination 
from which I was derived, or you were 
derived. The chances were infinite against 
my existence and your existence. 

As an abstract mathematical proposition, 
you may, if you like, decline to be im- 
pressed with this, because the chances were 
just as strong against the existence of any. 
other persons, and yet some were bound to 
exist; you and I were therefore just as 
probable as any one else. While this rea- 
soning is abstractly just, it fails to be en- 
tirely satisfying to the self when it is my 
total possibility of existence that is dis- 
posed of in this light way. But this and 
all our reasoning thus far omits the essen- 


If we choose to take into the computation out 
of the 17,000 ovules only the 400 that actually 
mature, the chance for any particular combination 
is one in 120 thousand billions. After reaching 
the thousand billions, cancellation of a factor of 
a few hundreds or thousands ceases to produce an 
impressive difference. The figures here given for 
the numbers of germ cells are from the ‘‘ Amer- 
ican Text-book of Physiology,’’ 1901, Vol. II., 
pp. 444 and 454. 
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tial point, the real tragedy of the situa*’ »n. 
If each diverse combination produces a dif- 
ferent self, then there existed in the two 
parents the potentialities—nay, the actual 
beginnings—of thousands of billions of 
selves, of personalities, each as distinct as 
you and I. Each of these existed in a form 
as real as your existence and my existence 
before our component germ cells had 
united. And of these thousands of bil- 
lions, but four or five have come to frui- 
tion. What has become of the others? 
A thousand earths might have been popu- 
lated with those personalities now con- 
signed to limbo. Or, if, as before, we in- 
elude in our thought other persons, and 
previous generations, what must we con- 
elude? A real infinity of potential, of in- 
choate, selves, is cancelled in each genera- 
tion; a potential and inchoate population 
sufficient to people all the regions that 
mythology has invented; all the worlds 
that astronomy has discovered. 

Our instincts and our education impel us 
to regard a human personality as the highest 
and most real of entities, having attributes 
of worth possessed by nothing else; per- 
haps as being sacred and imperishable. 
What are we to say of this infinite number 
of personalities whose existence was fore- 
shadowed and prepared in exactly the way 
that gave origin to you and to me; who 
depended only on a chance meeting of 
germ cells for their full fruition, yet that 
never advanced farther? 

It has become popular, with the advance 
of the theory of natural selection, to shud- 
der at the tragical ruthlessness of nature, 
because, according to the very moderate 
estimate of the poet, 


of fifty seeds 
she often brings but one to bear. 


Many a plant produces thousands of 
spores for each one that matures, and many 
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a fish produces thousands of eggs con- 
demned to premature destruction. Natural 
selection has therefore been reproached as 
a tragic and cruel method of advance, since 
out of the thousands of inchoate existences 
it brings but one to fruition. An honored 
former president of this society has tried 
to show us that nature acts in a kindlier 
way, through an attempted demonstration 
that natural selection is not the correct 
theory as to the method of advance of liv- 
ing things. But the destruction of the 
uncounted millions was not a part of the 
theory; it is an observed fact, for which 
the theory merely tried to give some sort 
of an excuse. If no purpose is served, 
no advance made, through this wholesale 
slaughter, then mere wanton cruelty is sub- 
stituted for that cruelty whose aim is kind- 
ness. But whether with an aim or with- 
out, we find that nature plays in the same 
infinitely wasteful and cruel way, whether 
with spores of fungi and eggs of fish, or 
with the potencies and beginnings of hu- 
man personalities; it is but one out of 
billions prepared that comes to fruition. 

It is not strange that with the instincts 
and education which we have, men should 
turn away from such a view of nature, and 
should attempt to find some alternative 
that does not lead to such monstrous re- 
sults. If we have, from studies in philos- 
ophy or in other fields, reached the conclu- 
sion that the self is the one certain reality, 
that relation to its existence is the final 
touchstone for all knowledge; that it is the 
highest and greatest thing; that it is as it 
were self-existent, perhaps even imperish- 
able—then this conviction will appear to 
us a sound argument against the correct- 
ness of a view of nature which shows us 
the existing human selves as a mere chance 


* Morgan, T. H., The Popular Science Monthly, 
May, 1905, p. 63. 
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remnant saved from an infinite slaughter. 
There exists, as we know, an alternative 
point of view in regard to human selves; 
one not reached by following the road that 
leads from the facts of biological science; 
one that gives the human self a very dif- 
ferent position and relation to the rest of 
the universe. Is that indeed a real 
‘‘view’’ or is it a mere refusal to look at 
the view which is before us? Is that view- 
point one that could be reached in any way 
from the biological field? Is there any 
possibility of reconciling it with the data 
with which we have been dealing? Can 
we possibly give our own argument a dif- 
ferent direction ? 

With some ingenuity one might find a 
parting of the ways at that point in our 
argument where it was set forth that if J 
did not exist, all the other combinations of 
germ cells that are made would still pro- 
duce the same result that they do produce 
—namely, individuals that are not-J, so 
that I would never have existed. It could 
perhaps be maintained that, on the con- 
trary, my existence is in some way one of 
the determining factors for what shall be 
produced by other combinations, so that if 
I did not already exist, some of those com- 
binations might produce a different result 
from what they do produce; that they 
might indeed in that case produce my self. 
Granting this, I might have had my per- 
sonal existence as a self, in connection with 
some different combination of the living 
strands, in case the one I am tied to had 
not been formed. 

To work this out in detail, one would 
apparently have to hold that the human 
self is an entity existing independently of 
the living material, and that it merely 
enters at times into relations with one of 
the knots of the living web. If one par- 
ticular combination or knot should not be 
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produced, it would enter into another. 
Thus each of us might have existed. with 
quite different characteristics from those 
which we have; it would be only our spe- 
cific characteristics that were determined 
by the chance combinations that happened 
to be made, not our total existence as a self. 

We have recently witnessed the phenom- 
enon of a vice-presidential address before 
a section of the British Association for the 
Advancement of Science, which set forth 
that the facts of physiology suggest the 
existence of an entity or soul that is essen- 
tially independent of the body, merely act- 
ing through it.* Could not those aspects 
of genetics to which we have called atten- 
tion be readily converted, likewise, into an 
argument, convincing for those already 
convinced, for the independent existence 
of the self or soul? The monstrous results 
to which the straight-forward considera- 
tion of the data leads us could be held to 
demonstrate in themselves that we had 
gone astray; that at the parting of the 
ways we must follow the other road, lead- 
ing to views in harmony with our convic- 
tions drawn from other fields. Neglecting 
all difficult details as to when and how and 
why the temporary union of self and the 
body is made—how simple and satisfactory 
to hold (if you can) that there is a limited 
store of selves ready to play their part; 
that the mere existence of two germ cells 
which may (or may not) unite has no de- 
termining value for the existence of these 
selves, but merely furnishes a substratum 
to which for mysterious reasons they may 
become temporarily attached; and that 
therefore there is no cancellation of billions 
of inchoate human personalities, such as 
the other view leads to; that nature does 
not deal with human selves as with spores 


* Macdonald, J. 8., Nature, September 14, 1911, 
pp. 364-365. 
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of fungi, or as with an infinitely great 
sum of figures employed in computations 
amounting to trillions and quadrillions, all 
to be canceled save a result expressible in 
units. And what interesting corollaries 
might be drawn from such a doctrine, as 
to the farther independent existence of the 
selves after the combinations to which they 
are attached have been dispersed! 
Certainly I do not wish to be understood 
as advocating this second point of view. 
The experiences of scientific investigation 
do not convert one to that thoroughgoing 
pragmatism which holds that satisfaction 
to our instinets is ground for holding a 
proposition to be verifiable. But I take it 
that the function of a scientific exposition 
is to follow wherever the argument leads, 
and when the road forks, with no sign- 
board to tell us positively which fork to 
follow, it must chronicle that fact, and in- 
vestigate so far as it can the regions into 
which each fork leads, leaving the question 
of choice to each person as a _ person. 
When the man of science leaves the solid 
ground and takes to his aeroplane, such a 
rule is doubtless difficult, for all roads 
become dim, but it still remains the ideal. 
Gentlemen of the society, whether you 
have followed me in any other respect or 
not, you will admit the truth of my intro- 
ductory promise that I would give you a 
rest from things practical and that I would 
not try to lead you to any conclusion. 
Looking at some of the elementary facts 
of genetics in relation to ourselves, we saw 
that each of us has been in unbroken ma- 
terial existence for countless ages, during 
which time we have taken part in the up- 
building of many a brute and many a man 
and many a woman. After speculating a 
bit as to the marks which these experiences 
may have left on our characters, we turned 
our eyes to the future. We found that 
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each of us is but a knot in a continuous 
web of strands that have, in other combina- 
tions, built up many persons, and will, in 
still new combinations, build up many 
others. Thus, as we have before taken 
part in the development of brute and of 
man, we may hope later to take part in the 
development of superman. Finally we 
looked at the relation of some data of gen- 
etics to the problems of personal identity 
and the self. Here the straight path of 
science, when followed simply and unsus- 
pectingly, showed us nature cutting off 
budding human personalities by the bil- 
lion, where she brings one to fruition. 
Whether this ingenuous and unforeseeing 
pursuit of the scientific path as marked out 
by the objective data is the only proper 
method for the establishment of belief on 
such a point or whether we are justified in 
turning off at a certain juncture, because 
this takes us where, for other reasons, we 
would prefer to go, is a question which 
leads into broader fields than the experi- 
mental science of genetics. 


H. S. JENNINGS 


SCIENTIFIC NOTES AND NEWS 


Tue American Association for the Advance- 
ment of Science and the national scientific 
societies affiliated with it are opening. at 
Washington the tenth convocation week meet- 
ing as this issue of ScreNcE is sent to press. 
There are published above the presidential 
addresses of Professor Michelson before the 
American Association and of Professor Jen- 
nings before the American Society of Natural- 
ists. These will be followed by other addresses 
and by the proceedings of the meetings. 

Dr. K. Von Gorset, professor of botany at 
Munich, Dr, Aurel Voss, professor of mathe- 
matics at Munich, and Dr. Ewald Hering, 
professor of physiology at Leipzig, have been 
elected knights of the Bavarian Maximilian 
order for art and science. 
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Proressor W. C. Broccrer (Christiania), 
Professor T. Curtius (Berlin), Professor P. 
A. Guye (Geneva) and Professor H. Rubens 
(Berlin) have been elected honorary members 
of the Royal Institution. 


ProressorR WALDEYER, of Berlin, has been 
elected president of the International Com- 
mittee of the forthcoming International Cong- 
ress of Medicine, in the room of the late Dr. 
Pavy. 

Proressor JoHN F. Hayrorp, director of the 
College of Engineering, Northwestern Univer- 
sity, has been appointed by the chief justice 
of the United States a member of a commis- 
sion of engineers to obtain the data necessary 
to settle the boundary between Costa Rica and 
Panama. 


The Academy of Sports of France has 
awarded its gold medal to Admiral Peary for 
the “admirable lesson of physical energy and 
moral courage that you have given to the 
entire world in the midst of fatigues, suffer- 
ings and difficulties, the conquest of the North 
Pole.” The resolution was moved by Dr. 
Charcot. 


A $1,000 industrial fellowship has been given 
the College of Agriculture of the University of 
Wisconsin for the purpose of studying pea 
diseases with a view to their prevention. R. E. 
Vaughn, a graduate of the University of 
Vermont in the class of 1907, has been ap- 
pointed to the fellowship for the present aca- 
demic year. 


Mr. D. T. Grisworp, of College Station, 
Texas, has accepted a position to do extension 
work in agriculture for the Agricultural Col- 
lege of Porto Rico. He will sail for Porto 
Rico soon. 


Proressor NewsteaD has returned from the 
expedition to Central Africa, on which he had 
been sent by the Liverpool School of Tropical 
Medicine in connection with the commission 
on sleeping sickness, which the government is 
sending out under Colonel Sir David Bruce. 


Tue chief speaker at the public exercises of 
Johns Hopkins Commemoration Day, on Feb- 
ruary 22, will be Dr. S. Weir Mitchell, of 
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Philadelphia. His subject will be “ George 
Washington.” 

Proressor J. McKeen Carre, of Columbia 
University, addressed the Huxley Society of 
the Johns Hopkins University on December 20, 
his subject being “ Some Problems of Univer- 
sity Administration.” 

Proressor CHarLtes W. Brown, of Brown 
University, lectured on November 25 before 
the Yale Geological Club on “The Human 
Aspects of the Jamaica (1907) Earthquake,” 
showing how geological investigations should 
decide upon the location and mode of con- 
struction of buildings, and how by the cooper- 
ation of geologists and structural engineers 
the damage from earthquakes in most seismic 
regions could be almost eliminated. Professor 
M. L. Fernald, of the Gray Herbarium, Har- 
vard University, lectured before the club on 
December 7 on “The Distribution of the 
Coastal Plain and Maritime Plants in North 
America.” The great dominance of the plants 
of the New Jersey coastal plain in the New- 
foundland flora was pointed out and its im- 
portant geologic significance was emphasized. 
The inland distribution of maritime plants 
into the Mississippi valley and over the 
western part of the continent was also dis- 
cussed. On December 8, Professor Fernald 
gave a lecture to the Yale Chapter of the 
Society of Sigma Xi on “ Botanical Evidences 
bearing on the Exploration of the Norsemen,” 
in which it was shown that the accounts which 
have been assumed by historians to show their 
exploration along the eastern coast of the 
United States did not reach in fact south of 
the St. Lawrence estuary. 

AT a representative meeting of former stu- 
dents and friends of the late Professor P. G. 
Tait, at the University of Edinburgh, it was 
decided to undertake to establish an additional 
memorial to him in the form of an endowment 
of a Tait chair of mathematical physics at the 
University of Edinburgh. 

It is proposed to erect a statue of Joseph 
Priestley, at Birstall, near which he was born 
in 1733. 

Miss Susan Marra professor 
emeritus of botany in Wellesley College, where 
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she had taught since the establishment of the 
institution in 1875, until her retirement in 
1902, has died at the age of seventy-six years. 


Mr. Artuur Corram, who, while engaged in 
the service of the British government, carried 
forward valuable work as an amateur astron- 
omer, died on November 23, aged seventy-five 
years. 

Dr. Gioraio Spezia, professor of mineralogy 
at Turin, died on November 10 at the age of 
sixty-nine years. 

Nature states that the premises of the Insti- 
tute of Chemistry, the lease of which will 
expire shortly, and can not be renewed, have 
become inadequate for the increasing activities 
of the institute. To carry on the work, the 
council of the institute requires new buildings, 
which should include more commodious meet- 
ing rooms, library, laboratories, examination 
rooms, and offices. It is proposed to begin the 
preparation of plans next year, and it is esti- 
mated that the necessary building and fittings 
will cost about 15,0007. An appeal has been 
made to fellows and associates of the institute, 
which has already resulted in the receipt of 
contributions and promises amounting to more 
than 8,000 1. 


A pitt (H. R. 14,120) has been introduced 
in the House of Representatives by Congress- 
man J. Hampton Moore, which calls for an 
appropriation of $80,000 to enable the Secre- 
tary of Agriculture, in cooperation with the 
various state authorities, to take necessary 
measures for checking the chestnut tree 
blight. Of this amount, $20,000 is to be im- 
mediately available, and $10,000 is to be spent 
in studying the relations of insects to the dis- 
ease. A bill carrying essentially the same 
provisions (S. 3,557) has been introduced in 
the Senate by Senator Penrose. 


REPRESENTATIVES Of the Imperial Health 
Office, of the medical faculties and a number 
of journalists met on December 20 at the 
Ministry of the Interior at Berlin and organ- 
ized a committee with the object of promoting 
German participation in the fifteenth Inter- 
national Congress on Hygiene and Demo- 
graphy to be held at Washington in September, 
1912. 
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The Medical Record states that the Ameri- 
can Association for the Conservation of Vision 
is inaugurating a wide-spread campaign of 
public education to call the attention of people 
to the care and preservation of their eyesight. 
The association has recently moved to new 
offices at 105 East Twenty-second street, New 
York City. A recent election of officers leaves 
the personnel as follows: President, Dr. F. 
Park Lewis; Vice-President, E. L. Elliott; 
Acting Secretary, Douglas C. McMurtrie; 
Acting Treasurer, T. Commerford Martin. 
Dr. Hiram Woods, of Baltimore, is on the 
board of managers and Dr. G. E. de Schwei- 
nitz, of Philadelphia, is director of the De- 
partment of Diseases and Defects of the Eye. 
Among the publications of the association are 
its Bulletin and Monograph Series, the first of 
a popular and the latter of a technical nature. 
The first issue of the Bulletin is entitled 
“ Conserving Vision,” compiled by Douglas C. 
McMurtrie and edited by G. E. de Schweinitz, 
M.D., F. Park Lewis, M.D., Louis Bell, Ph.D., 
and E. Leavenworth Elliott. The first issue 
of the Monograph Series, edited by Douglas C. 
MeMurtrie, is entitled “Ophthalmia Neo- 
natorum in Ten Massachusetts Cities” by 
Henry Copley Greene. The association has 


now in press additional booklets of a popular — 
nature. 


THE state school fund of Wisconsin will 
soon be distributed to the various school dis- 
tricts of the state. The per capita apportion- 
ment for persons of school age is $2.783, as 
compared with $2.423 last year. It is a sur- 
prising fact that there are 6,236 fewer persons 
of school age reported for the year ending 
June 30, 1911, than for the year ending June 
30, 1910. The loss in the number of persons of 
school age is pretty well distributed over the 
state. Excluding cities under city superin- 
tendents, only 24 of the 71 counties show a 
gain. The increase ranges from 614 for Clark 
County to 3 for Langdale County. Of the 
68 cities under city superintendents 38 show a 
gain in school population, the largest gain, 767, 
being in Milwaukee. 


A CORRESPONDENT calls attention to the fact 
that Nature says: “It is proposed to establish 
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a post of demonstrator in medical etymology in 
connection with the Quick Laboratory. The 
appointment will be made by the Quick pro- 
fessor of biology.” He suggests that the Slow 
professor of philology may some day appoint a 
demonstrator of oriental entomology. 


Carnecie University, at Wilmington, Del., 
states in its announcement that it is “the 
oldest and most celebrated institution of learn- 
ing of its kind in the United States of Amer- 
ica” and that “by virtue of the powers in- 
vested in the university by the government of 
the state of Delaware” it confers numerous 
degrees, including M.A., Ph.D., Se.D., M.D., 
LL.D., ete. A member of the staff of the 
Journal of the American Medical Association 
wrote that he was unable to take the regular 
course, but would pass the examination if the 
university would send him the examination 
papers. Among the questions and the answers 
submitted were the following: 


Question—What is histology? 

Answer—Histology is the study of the history 
of the anatomy and physiology of the body. 

Question—What is embryology? 

Answer—Embryology is the study of the new- 
born baby and how to care for it. 

Question—Describe the portal circulation. 

Answer—The portal circulation is the circula- 
tion of the chyle and chyme which is found in the 
stomach when the food is being digested. It then 
goes into the blood to build up the body. 

Question—Describe the fornix. 

Answer—The fornix is that part of the throat 
at the back of the tonsils which is affected in 
catarrh. An adjustment of the vertebra of the 
neck will often help it. 

Question—How would you replace a dislocated 
lower jaw? 

Answer-——The jaw should be pulled forward or 
pushed back, as the case may be, and the joint 
massaged and adjusted. 

Question—Give pathology, etiology, symptoms 
and treatment for malaria. 

Answer—Malaria is found in the south and in 
swampy places. The patient should be given mas- 
sage to make the bowels move and the spine should 
be adjusted to improve the circulation. It is also 
better to have the patient move from a malarial 
place to where it is dry. 
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The action of the “ University ” was given 
in a letter which begins: 


We herewith have the pleasure to inform you 
that you have passed your examination very satis- 
faetorily, and that the Carnegie University has 
conferred on you the degree of Doctor of Mechano- 
Therapy. The diploma will be forwarded to you 
on receipt of post-office money order of $50. 


A course of sixteen lectures on economic 
agriculture is offered at Columbia University, 
beginning with an introductory lecture on 
Wednesday, November 22, 1911, at 4:30 p.m., 
and continuing on successive Wednesdays 
(except from December 20 to January 3 in- 
clusive). These lectures, while dealing with 
the scientific aspects of the subjects announced 
in the course, will be divested as much as 
possible of technicalities. The program is as 
follows: 


November 22—‘‘ How a City Man can Succeed 
in Farming,’’ Professor O. S. Morgan, Columbia 
University. 

November 29—‘‘ Agricultural Possibilities about 
New York City,’’ Mr. George T. Powell. 

December 6—‘‘Soil Bacteria—their Importance 
and How to Control them Advantageously,’’ Di- 
rector Jacob T Lipman, New Jersey Agricultural 
Experiment Station. 

December 13—‘‘ Practical Problems in Develop- 
ing the Dairy Herd,’’ Professor Henry Wing, 
Cornell University. 

January 10—‘‘Corn Growing in the East,’’ Di- 
rector Thomas F, Hunt, Pennsylvania State Col- 
lege of Agriculture. 

January 17—‘‘The Farmer as a Plant Breed- 
er,’’ Hon. W. N. Hays, assistant secretary of 
agriculture. 

January 24—‘‘Problems in Feeding the Dairy 
Herd,’’ Professor E. S. Savage, Cornell Univer- 
sity. 

January 31—‘‘ Poultry Raising,’’ Dr. Raymond 
Pearl, State Agricultural Experiment Station, 
Orono, Maine. 

February 7—‘‘Soil Drainage Problems and 
Practises in New York State,’’ Professor E. O. 
Fippin, Cornell University. 

February 14—‘‘ Fundamental Problems in Main- 
taining Soil Fertility,’’ Dr. O. Schreiner, Bureau 


of Soils. 
February 21—‘‘Truck Farming and its Prob- 
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lems near Great Cities,’’ Professor R. L. Watts, 
Pennsylvania State College of Agriculture. 

February 28—‘‘ Peach Orchards,’’ Professor M. 
A. Blake, New Jersey Agricultural Experiment 
Station. 

March 6—‘‘Planting an Orchard,’’ Dr. U. P. 
Hendrick, Agricultural Experiment Station, Ge- 
neva, N. Y. 

March 13—‘‘Orechard Management—with spe- 
eial reference to Fertilization and Spraying,’’ Dr. 
J. P. Stewart, Pennsylvania State College. 

March 20—‘‘Problems in Eastern Farming.’’ 
Lecturer announced later. 

March 27—‘‘ Practical Considerations in Farm 
Management,’’ Dr. W. J. Spillman, Bureau of 
Plant Industry. 


Tue following lectures on zoological sub- 
jects will be given at Trinity College during 
the course of this year. 


December 15—Raymond C. Osburn, acting di- 
rector of the New York Aquarium and associate 
professor of zoology, Columbia: Fishes. 

January—Frederie 8. Lee, director of the de- 
partment of physiology, College of Physicians and 
Surgeons, New York: Some Aspects of Muscle 
Action. 

February—George H. Parker, professor of zool- 
ogy, Harvard: Some Phases of the Nervous Sys- 
tem. 

March—Professor Henry A. Perkins, Trinity: 
The Brownian Movement of Ultramicroscopie Par- 
ticles. 

May—Dr. David Dwight Whitney, of Wesleyan: 
Some Problems in Sex. 

April—lIrving A. Field, United States Bureau 
of Fisheries: Utilization of hitherto unused Fishes 
as Food. 


Tue faculty of Medicine of Harvard Uni- 
versity offers a course of free public lectures, 
to be given at the Medical School, Longwood 
Avenue, Boston, on Sunday afternoons, be- 
ginning January 7, and ending May 5, 1912. 
The lectures will begin at four o’clock and the 
doors will be closed at five minutes past the 
hour. 

January 7—Dr. F. C. Shattuck: Catching Cold, 
ete. 

January 14—Dr. John Lovett Morse: Feeding 
of Infants. 

January 21—Dr. Myles Standish: The Care of 
the Eyes. 


January 28—Dr. 8S. B. Wolbach: A Medical 
Expedition to West Africa. 

February 4—Dr. Abner Post: Syphilitie He- 
redity. 

February 11—Dr. E. E. Southard: The Mental 
Life in the Light of Modern Efforts to Map the 
Brain. 

February 18—Dr. Charles 8. Minot: The Human 
Face. 

February 25—Dr. Joel E. Goldthwait: The Ef- 
fect of Posture upon the General Efficiency of the 
Human Being. 

March 3—Dr. C. P. Putnam: The Care and 
Training of Children. 

March 10—Dr. Maurice H. Richardson: Con- 
servation, not Destruction, the Chief Object of 
Surgical Endeavor. 

March 17—Dr. Charles J. White: Possibilities 
of Infection of the Skin in Public Places. 

March 24—Dr. E. H. Bradford: Some Causes of 
Backache. 

March 31—Dr. George Burgess Magrath: The 
Massachusetts System of Medico-legal Inquiry. 

April 7—Dr. Charles M. Green: Certain Topics 
in the Hygiene of Women. (To women only.) 

April 14—Dr, E. H. Nichols: The Sexual In- 
stinct—Its Abuse and Control. (To men only.) 

April 21—Dr. John Bapst Blake: Fractures, 
Sprains and Minor Injuries: Diagnosis and Treat- 
ment. (Illustrated by lantern slides.) 

April 28—Dr. George T. Tuttle: Some Forms 
of Mental Disease and the Methods now employed 
in their Treatment. 

May 5—Dr. C. J. Blake: The Prevention of 
Unnecessary Noise. 


Tue home universities committee of the 
Congress of the Universities of the British 
Empire, consisting of the vice-chancellors of 
the universities of the United Kingdom and 
other representatives, have prepared the pro- 
gram of subjects for discussion at the con- 
gress in July, 1912. The meetings of the con- 
gress will be held on July 2, 3, 4 and 5, on 
four mornings and two afternoons. There 
will be, in addition, a business meeting. The 
subjects for discussion fall under two heads, 
and are as follows: 

I. Universities in their relation to one another: 

1. Conditions of entrance to universities and the 
possibility of equivalence and mutual recognition 
of entrance tests to degree courses. 
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2. Interchange of university teachers; conditions 
of interchange. 

3. Interuniversity arrangements for post-gradu- 
ate and research students. 

4. Question of division of work and specializa- 
tion among universities. 

5. The establishment of a central university bu- 
reau; its constitution and functions. 

Il. Universities in their constitutional aspects 
and in their relation to teachers, graduates and 
students: 

1. The relation of universities to technical and 
professional education and to education for the 
publie services. 

2. Provision of courses of study and examina- 
tions for other than degree students, including 
university extension and tutorial class work, and 
specialized courses both of a general and technical 
character for students engaged in professional, 
commercial and industrial pursuits. 

3. The representation of teachers and graduates 
on the governing body of a university. 

4, Action of universities in relation to the after- 
careers of their students. 

5. The position of women in universities. 

6. The problem of universities in the East in re- 
gard to their influence on character and moral 
ideals. 

7. Residential facilities, including colleges and 
hostels. 


Tue “Quarterly Return of Marriages, Births 
and Deaths,” published by the authority of the 
registrar-general and abstracted in the Lon- 
don Times, shows a remarkable decline in the 
“natural increase” in population in England 
and Wales by excess of births over deaths. 
During the three months there were only 81,- 
645 more births than deaths as compared with 
123,300, 124,054 and 123,022 in the third quar- 
ter of 1908, 1909 and 1910, respectively. The 
births registered in the third quarter of 1911 
numbered 222,601 and were in the proportion 
of 24.4 annually per 1,000 of the population, 
which is 2.9 per 1,000 below the mean birth- 
rate in the ten preceding third quarters, and it 
is the lowest birth-rate recorded in any third 
quarter since the establishment of civil regis- 
tration. In registration counties with popula- 
tions exceeding 100,000, the lowest birth-rates 
during the quarter were 18.4 in Sussex, 20.0 
in Northamptonshire, 20.1 in Berkshire, 20.2 
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in Devon, Somerset and Carnarvonshire. The 
highest rates were 26.7 in Northumberland, 
26.8 in Carmarthenshire, 27.3 in Nottingham- 
shire, 27.7 in Staffordshire, 29.9 in Monmouth- 
shire, 30.9 in Durham and 31.7 in Glamorgan- 
shire. In the 77 great towns the birth-rate 
averaged 25.5 per 1,000, ranging from 15.8 in 
Bournemouth, 16.0 in Hastings, 17.9 in Horn- 
sey, 18.3 in Halifax, 18.5 in Huddersfield and 
18.6 in Bradford, to 30.1 in Bootle, 31.3 in 
Stoke-on-Trent, 32.7 in Merthyr Tydfil, 34.7 
in St. Helens and 35.3 in Rhondda. In the 
136 smalier towns the mean birth-rate was 23.6 
per 1,000, ana in the remainder of England 
and Wales, excluding the 213 chief towns, it 
was also 23.6. The deaths registered in Eng- 
land and Wales last quarter numbered 140,956, 
and were in the proportion of 15.5 annually 
per 1,000 persons living; this rate is 1.7 per 
1,000 above the mean rate in the ten preceding 
third quarters. In registration counties with 
populations exceeding 100,000, the death-rates 
ranged from 11.4 in Wiltshire, 11.7 in Somer- 
set, 11.8 in Berkshire and Hertfordshire, 11.9 
in Shropshire and 12.1 in Buckinghamshire, to 
16.7 in the West Riding of Yorkshire, 17.5 in 
Glamorganshire, 17.6 in the East Riding of 
Yorkshire, 18.0 in Staffordshire, 18.5 in Lan- 
cashire and 18.6 in Durham. The population 
of the United Kingdom in the middle of 1911 
is estimated at 45,311,078 persons; that of 
England and Wales at 36,168,750, that of 
Scotland at 4,766,860 and that of Ireland at 
4,375,468. These estimates are based upon 
the numbers enumerated at the censuses of 
1901 and 1911. In the United Kingdom 277,- 
655 births and 173,105 deaths were registered 
in the three months ended September 30, 1911. 
The natural increase of population was, there- 
fore, 104,550. The official vital statistics of 
France for the first six months of 1911 give a 
total of 385,999 birth and 404,278 deaths, being 
an excess of deaths of 18,279. 


UNIVERSITY AND EDUCATIONAL NEWS 


At a meeting of the lumbermen of the 
North Idaho Forestry Association held in 
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Spokane on December 16 the members voted 
unanimously to pro-rate their timber holdings 
in the state of Idaho to the extent of $58,000 
for the purpose of erecting a forestry building 
at the University of Idaho. 


At its meeting on December 15 the board 
of regents of the University of Michigan took 
an important step with reference to graduate 
studies. Hitherto this work has been in 
charge of a subcommittee of the literary fac- 
ulty. The recent action (1) founds a uni- 
versity graduate department; (2) provides for 
the appointment of a dean as chief executive; 
(3) places the direction of all matters affect- 
ing graduate studies in the hands of an ex- 
ecutive board of seven, together with the 
president and dean ex officiis. A mixed com- 
mittee, drawn partly from the administration 
and partly from the senate, submitted the plan 
as adopted, after prolonged consideration. 
This committee was as follows: the President; 
Regents Sawyer, Beal and Hubbard; Dean V. 
©. Vaughan, of the medical faculty; Dean 
John O. Reed, of the literary faculty; Pro- 
fessor R. M. Wenley, of the department of 
philosophy; Professor F. N. Scott, chairman 
of the present graduate council, and Professor 
Alexander Ziwet, of the engineering faculty. 

Burtpincs costing nearly $1,000,000 are 
either being constructed or will be started at 
the University of Wisconsin before the next 
academic year opens. Nine new structures 
will be completed within the next twelve 
months on various parts of the university 


grounds. The new buildings and their cost 
will be as follows: 
$200,000 
Home economies building ............ 115,000 
Model high school .......ccccsccsccee 150,000 
Agricultural chemistry ............... 90,000 
Chemistry building wing ............. 76,000 
Horticultural building ............... 57,000 
Gymnasium ANNEX 15,000 
$998,000 


The horticultural building is now almost 
completed and will be ready for classes at the 
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opening of the second semester in February. 
The annex to the gymnasium will be com- 
pleted about February 1. The big new biol- 
ogy hall, which will give the department of 
biology one of the finest homes at any Amer- 
ican university, will not be completed before 
the end of the present school year. Last week 
ground was broken for three of the new 
buildings—the women’s dormitory, the agri- 
cultural chemistry building and the new home 
economics building, and work will be rushed 
on all three of these buildings so that they may 
be ready for occupancy at the opening of the 
academic year next fall. The basements of 
both the wing to the chemistry building and 
that to the library are completed, but further 
work will not be resumed on them until spring. 
It is also understood that work on the new 
model high school, to be built for the use of 
the students at the university preparing to be 
teachers, will not be started until spring. 
This building is to be constructed on Univer- 
sity Avenue, nearly opposite the United States 
Forest Products Laboratory. 

THE Journal of the American Medical As- 
sociation states that a decree has been pro- 
mulgated for the improvement of the scientific 
and clinical education in the French medical 
schools. Its main features are as follows: 
(1) the duration of the medical course is in- 
creased from four to five years; (2) practical 
work in physiology and medical physics and 
chemistry and bacteriology is to be compul- 
sory; (3) the hospital stage will be coextensive 
with the medical course and will include the 
various services; (4) to decrease the effect of 
chance in examination, each student will have 
a record book in which will be noted the cred- 
its he has obtained in laboratory and chemical 
work and previous examinations. 

Epwarp D. Sisson, recently head of the 
department of education at the University of 
Washington, has been appointed professor of 
education in the newly established Reed Col- 
lege, at Portland, Ore. 

Mr. FietcHer MoFartanp has been ap- 
pointed instructor in physiology at the Uni- 
versity of Minnesota. 
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DISCUSSION AND CORRESPONDENCE 


THE POSITIVE ION IN ELECTRICAL DISCHARGE 
THROUGH GASES 


WueEN a metal sphere is hung upon a silk 
cord between the terminals of a plate glass 
electric machine, it will oscillate to and fro 
between the terminals. 

When molecules of a gas are placed in a 
similar position, they can not behave in quite 
the same fashion. No one molecule can plow 
its way through the swarm of molecules which 
surround it. They are all being urged to do 
this. At any instant some are being urged 
away from the positive terminal, and some 
from the negative. These opposing streams of 
gas mingle. The collisions which result be- 
tween these overcharged and undercharged 
molecules within such a field of force result 
in a continual transfer of electrical corpuscles 
from molecule to molecule. In such a mixture 
we should at any instant expect to find three 
classes of molecules. Those which are nega- 
tively overcharged, those which are negatively 
undercharged, and those which are in normal 
condition. 

Even in open air discharge, the repelled 
molecules move along streamers. In partic- 
ular is this the case at and near the positive 
terminal. Here the corpuscles and air mole- 
cules are moving in opposite directions. In 
rarefied gas, where the mean free path is 
greatly increased, these streamers become 
“ rays,” 

All of the properties of these rays are in 
harmony with what we should expect, from 
our knowledge of the behavior of the metal 
ball and the properties of gases. 


Francis E. NipHer 
WASHINGTON UNIVERSITY 


A NEW RECORD OF A CHESTNUT-TREE DISEASE 
IN MISSISSIPPI 


Proressor Evcene Hitearp, of Berkeley, 
Cal., told me this summer of an observation of 
his which is of moment to those interested in 
the chestnut-bark disease. 7 

While surveying in 1856 in the northeastern 
part of Mississippi, he found the chestnut 
trees of that region, both young and old, dead. 
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They had been growing in a mixed forest of 
pine and oak and, as the other trees were in 
a healthy condition, were very noticeable. The 
dead trees were frequently of large propor- 
tions, attaining a height of 80 to 90 feet. 
When he saw them, these trees were beginning 
to decay; the bark was dropping off, leaving 
the trunks bare. There were no signs of in- 
sects. The region which was surveyed is a 
non-caleareous one. 

As chestnuts are still growing in northeast- 
ern Mississippi, the epidemic which Professor 
Hilgard saw did not exterminate the tree in 
that region. It is another record of a devasta- 
ting disease which the chestnut tree has en- 
dured. 

Now that extra attention has been given to 
the chestnut and old records have been looked 
over, the struggle which this tree has had 
against attacks of fungi and of insects during 
the nineteenth century becomes apparent. 
There can hardly be a doubt but that the 
present range of this tree is much less ex- 
tensive than formerly. 

CAROLINE RUMBOLD 


BLANDING’S TURTLE 


To THE Epiror or Science: Referring to 
Mr. Howe’s note in Science of September 1, 
“Second Record for Blanding’s Turtle in 
Concord, Mass.,” and of the introduction of 
three pairs of the same species in Little Long 
Pond, Orange County, by Dr. Townsend, I 
beg leave to report finding this turtle at 
Queens, L. I., in June, 1909. It has been 
placed on the records of the Natural History 
Survey of Long Island now being made by 
the Brooklyn Institute of Arts and Sciences, 
This is the first report, so far as we know, of 
Blanding’s turtle having been found on Long 
Island, but Abbott in “A Naturalist’s Ram- 
bles about Home” mentions finding it in 
central New Jersey. 

JOHN J. SCHOONHOVEN 


THE MOTH OF THE COTTON WORM 

To tHe Epitor oF Science: In connection 
with the notices appearing in Science (Oc- 
tober 16 and November 10) recording the oc- 
currence far north of the moth of the cotton 
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worm (Alabama argillacea Hubn.), it may be 
worth while te place on record the fact that 
this insect has been very abundant in parts 
of the south this year. Here at least, and if 
one may judge from observations from a car 
window, in northern Alabama as well, the cot- 
ton has suffered also complete defoliation. 


J. R. Watson 
FLORIDA AGRICULTURAL 
EXPERIMENT STATION 


TRANSPLANTATION OF OVARIES 

To tHe Epiror or Science: May I have 
space in your columns to say a few final words 
regarding the results of transplantation of 
ovaries ?* 

Professor Castle has objected to my appli- 
cation of the term mongrel to guinea-pigs 
used by him in experiments which he claims 
overthrow my results on chickens.” My au- 
thority for the use of this term is the follow- 
ing extracts from his paper.’ 

The ovaries were removed from an albino 
guinea-pig and in their stead were placed two 
ovaries, one from each of two black guinea- 
pigs. The female bearing the engrafted 
ovaries was subsequently bred to an albino 
male and of the resulting six young, all were 
black and red, and one had a white foot. In 
explanation of this white foot, it is stated that 
“ Spotting characterized the race from which 
the father came. He was himself born in a 
litter which contained spotted young... .”* 
Therefore the male was a mongrel.* 

1 Science, N. 8., 1911, XX XIII. 

* ScIENCE, N. 8., 1911, XX XIII. 

* Publication No. 144, Carnegie Institution, pp. 
9-10. 


*Italies mine. 

*In an article by Professor Castle appearing in 
The Popular Science Monthly under date of May, 
1910, it is stated that in such an experiment six 
young resulted and they were ‘‘all black’’ (italics 
mine). From the data in my hands it is impossible 
to conclude whether this is the same experiment 
as that quoted above, and to which it bears a 
striking similarity. If it is the identica! experi- 
ment, and this I assume in view of his more recent 
statement (Publication No. 144, Carnegie Institu- 
tion, 1911, p. 8) that but two of his successfully 
operated animals had borne young, the article in 
The Popular Science Monthly must be inaccurate. 
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In the other instance, an albino female was 
spayed and her ovaries replaced by the ovaries 
of a brown-eyed cream guinea-pig. The albino 
female was then bred to an albino male and 
two albino and one brown-eyed cream off- 
spring resulted. In attempting to explain this 
result, it is stated that “ albinism occurred as 
a recessive character in the particular brown- 
eyed cream stock used... .”’* So it follows 
that at least one of the females used in this 
experiment was a mongrel, and was therefore, 
as in the first experiment, entirely unsuited 
to furnish any reliable information from the 
standpoint of foster-mother influence. 


C. C. GuTuriz 


PHYSIOLOGICAL LABORATORY, 
UNIVERSITY OF PITTSBURGH 


MOULTING AND CHANGE OF COLOR OF COAT IN 
MICE 


Mr. C. C. Litre has, in a recent number 
of Scrence (October 27, 1911), taken excep- 
tion to certain statements that I made in an 
article on the inheritance of coat colors in 
mice. He believes that the unusual patterns 
that I have described, especially in black mice, 
which I attributed in part to a heterogeneous 
condition, are only temporary effects and are 
due to moulting. That the coat may appear 
spotted at times of moulting is too familiar to 
any one keeping these animals to call for com. 
ment. But that the patterns that I described 
are not due to this was shown by the fact, 
stated in my paper, that the fully grown hair 
was in all cases studied under the microscope 
and the pigments in the hair recorded. 
Moreover, the cases described were not inci- 
dental to the coat-changing period, for the 
pattern remained for several months until, in 
fact, a new moult appeared. 

It is well known that black mice contain 
both black and chocolate in the hair, even 
when they produce only black mice. Hence 
the opportunity is furnished for the local ex- 
cess of one or of the other pigment to be- 
come apparent. That such effects are due to 
some “physiological conditions” present at 
the time of moulting is very probable, and 
was mentioned in my paper. Furthermore, 10 
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a series of experiments in which black and 
chocolate mice were crossed through several 
generations, the spotting in the heterozygous 
mice—known to be such—was very prevalent. 
Finally, that even dilute colors are them- 
selves modifiable by the condition of the ani- 
mal when the next coat is formed was illus- 
trated by some of the cases that I described, 
and is a phenomenon well known to breeders 
of animals. It is true that such cases do not 
show the animals to be heterozygous and there- 
fore the presence of spots can not in itself be 
taken as a safe criterion of that condition. 
But my evidence showed that heterozygous 
mice frequently give evidence of their dual 
nature. In other cases also, as in the pomace 
fly, where I have found a dominant and a re- 
cessive character both present in the same in- 
dividual, breeding tests have shown such in- 
dividuals to be heterozygous. 
T. H. 


QUOTATIONS 
THE ROYAL SOCIETY 


At the anniversary meeting of the Royal 
Society yesterday afternoon the president 
made an announcement of unusual interest. 
On July 15 of next year the society will have 
been in existence for two centuries and a 
half; and it has been decided to celebrate 
the occasion in the manner prescribed by 
custom for such functions of retrospection 
and congratulation. For this particular 
function a new descriptive word seems neces- 
sary. It is not a jubilee, or a centenary, or 
a bicentenary, or a tercentenary, with all of 
which we have been made familiar, but some- 
thing compounded of a bicentenary and a 
jubilee. Some compendious title seems to be 
required, but Sir Archibald Geikie managed 
to do without one, and what the Royal Society 
has been unable to invent it would be rash on 
the part of any other authority to supply. 
We must all be content to say that the Royal 
Society is going to celebrate the 250th anni- 
versary of its foundation. The chief univer- 
sities, academies, scientific societies and other 
institutions in this country, in the dominions 
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and abroad are to be invited to send delegates 
to take part in the ceremony, of the impor- 
tance of which the king, as patron of the 
society, has been pleased to express his appre- 
ciation. In view of the high place held by 
the Royal Society among the scientific insti- 
tutions of the world, and of the eminent serv- 
ices which by universal consent it has ren- 
dered to science, there can be no doubt that 
the response to its invitation will be ample 
and generous. Next year will witness a large 
and brilliant gathering of men of science 
from every part of the civilized world, eager 
to testify to the respect which the long hisiory 
of the Royal Society has inspired among all 
seekers after natural knowledge. Though the 
principles of the great quest are always the 
same, two and a half centuries bring many 
and profound changes in methods and condi- 
tions. Many ideas once cherished have to be 
dropped, and many new ones assimilated. 
Fundamental theories become outworn, and 
the most fruitful hypotheses, having served 
their purpose, have to give place to newer 
generalizations. The best proof of the vitality 
of the Royal Society is that it has survived 
all these transformations, and that it holds its 
place to-day, as in earlier years, in the van of 
the great army of students of the laws and 
structure of the universe. 

Though the progress of science has been 
continuous through the long period covered 
by the lifetime of the Royal Society, the rate 
of progress has not been by any means uni- 
form. The great intellectual upheaval of the 
renaissance gave a powerful impulse to scien- 
tific inquiry, after centuries of extremely slow 
progress. But that special impulse in turn 
exhausted its strength, and was followed by 
a period of smaller achievement. The end of 
the eighteenth century saw the beginning of 
another great era of activity, which continues 
to the present day in shapes that more and 
more conform to Bacon’s contention that the 
pursuit of knowledge should be directed to 
the improvement of the conditions of human 
existence. Men now living have been wit- 
nesses of a great transformation, at least in 
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the external aspects of scientific activity. 
Superficially it might seem that science has 
lost something of its interest for the mass of 
the nation by the disappearance of the rather 
heated controversies in which men of science 
took part a generation or two ago. We have, 
for example, no controversialist like Huxley 
to arrest attention by a lively polemic con- 
necting science with cherished beliefs in an- 
other sphere. But that is really evidence that 
science is better and more widely understood 
by the mass of the nation than it was in his 
day, and perhaps also that men of science 
themselves have advanced beyond a standpoint 
from which such a polemic appeared useful. 
It may even be noted that scientific thought is 
less concerned than it was with abstract dis- 
putation, and applies itself much more closely 
to more positive and practical lines of inquiry. 
The note of the present day is the enormous 
extension of applied science, and the danger 
is that the minute specialization such exten- 
sion involves may militate against the appear- 
ance of one of the commanding intellects that 
from time to time have opened up a new 
world. It seems to some observers that some 
great step in advance is due for the whole 
scientific army, as distinguished from the 
mass of excellent detailed work now done upon 
existing lines. We have as it were a great 
scientific community working out the explora- 
tion of a region long ago discovered and sur- 
veyed, but there is room for some one who 
shall climb to the top of Pisgah, and announce 
to us a new land of promise which man may 
enter and possess. As we can not feed upon 
the crude elements that build up our bodies, 
but must depend upon plants as intermedi- 
aries, so in our manifold and voracious activi- 
ties we are using up intermediate products of 
natural forces, the store of which is not inex- 
haustible, but we have not learned how to 
harness the natural forces themselves for our 
purposes—the energy of the sun, the power of 
the tides, and the yet unpenetrated processes 
by which nature, in the quietest manner, 
achieves results only imitated in our labora- 


tories by enormous expenditure of stored-up 
energy.—London Times. 
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SCIENTIFIC BOOKS 


The Voyage of the “ Why Not?” in the Ant- 
arctic. The Journal of the Second French 
South Polar Expedition, 1908-10. By Dr. 
JEAN Cuarcot. English version by Puiup 
Wats. Illustrated. 4to, pp. viii-+ 315. 
New York, Hodder and Stoughton. 

This expedition, the second made by Dr. 
Charcot to the Antarctic, was not a south- 
polar quest, but was for scientific exploration. 
Fitted out by the French government at an 
expense of $140,000, it was aided by various 
subscriptions to the extent of $20,000 in 
money. Additional gifts and loans from 
learned institutions made “the scientific 
arsenal one of the richest and completest ever 
carried by a polar expedition.” 

The exact object of the expedition was to study 
in detail, and from all points of view, as wide a 
stretch as possible of the Antarctic in this sector 
of the circle, regardless of latitude. I knew that 
I had chosen the region (south of Cape Horn) 
where ice confronts the navigator as far north as 
61°, and where the coastline is fringed with high 
mountains, to all appearance insurmountable. 


One phase connected with the expedition 
was unusual, illustrative as it was of that 
generous spirit of cooperation in scientific in- 
vestigations, which to-day causes all civilized 
nations to interest themselves in ventures of 
general welfare. It was natural that French 
generosity should be manifest in donations 
for an expedition of its own government, but 
that other nationalities should tender mater- 
ial and important aid was as gratifying as it 
is unusual. Mr. Gordon Bennet with cus- 
tomary generosity filled the bunkers of the 
Why Not? at Madeira. The Prince of 
Monaco gave a complete oceanographical out- 
fit. The meteorological department of the 
Argentine Republic loaned scientific instru- 
ments. Chili contributed seventy tons of 
coal. Brazil not only gave one hundred tons 
of coal on the outward passage, but also filled 
the bunkers on the return, both at Rio and at 
Pernambuco. 

The admirable manner in which the ship 
did her work was due to the care, foresight 
and judgment exercised in planning and in 
building the Why Not?. The general equip- 
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ment and arrangements for scientific work 
were equally satisfactory, but the canned 
provisions either from character or from 
quality were unsuited to prevent scurvy. 
Nine of the twenty-nine members of the per- 
sonnel were polar veterans, whose services 
were entirely satisfactory—producing a max- 
imum of possible results. 

Leaving Havre, August 15, 1908, the Why 
Not? sailed via Rio and Buenos Aires—in 
which cities great interest was shown and ma- 
terial aid given—to Punta Arenas, whence 
she departed on December 16. At Port De- 
ception, South Shetlands, was found a steam- 
fleet-—engaged in the renewed whaling enter- 
prizes—from which Charcot obtained his last 
coal. 

Favored by fine weather the Why Not? 
skirted the west coasts of Palmer and 
Graham Lands, making many discoveries and 
reaching Alexander Land. Obliged to re- 
turn for winter quarters to Peterman Island, 
the ship grounded en route and barely escaped 
destruction. 

After eight months in winter-quarters 
Charcot was able to break out, and obtaining 
coal at South Shetlands—to renew his ex- 
plorations to the south in the summer of 
1909-1910, when his success was phenomenal. 

In the two summer voyages he extended 
this part of the continent of Antarctica from 
the Antarctic circle to 70° S., surveying 
Loubet coast, discovering and mapping Fal- 
liéres Land, extending Adelaide Island from 
an islet to a land seventy miles long, opening 
Marguerite Bay, surveying Alexander I. 
Land, and finally discovering Charcot Land 
in 77° W., 70° S., a mountainous, almost ice- 
covered region—doubtless a part of the con- 
tinent. 

Keeping to the west the Why Not? trav- 
ersed unknown areas, along the parallel of 
70° S., from 103° W. to 124° W. (except on 
the 107th meridian where Cook passed); in 
latitudes from two to three hundred miles to 
the south of Charcot’s predecessors—he 
sounding as he sailed. 

The second voyage was made under condi- 
tions of great peril, for a survey of the Why 
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Not? by a diver at South Shetlands disclosed 
that “The whole stem below water-line was 
torn away, as well as several meters of the 
keel: the slightest shock might send the ship 
to the bottom.” The diver remonstrated, yet 
Charcot sailed. 

This being a popular volume, it does not 
give the results of the immense amount of 
scientific work done, including observations 
on gravity, seismology, meteorology, geology, 
tides, magnetism, zoology and oceanography. 
Many attractive sidelights are, however, 
thrown on these subjects by the notes made 
from day to day. A spirit of French gaiety 
and good humor pervades the book, and these 
qualities were evidently characteristic of the 
party as a whole. 

The generous spirit shown by Dr. Charcot 
in giving due credit to his predecessors adds 
much to the enjoyment of his narrative. 
Such action is in striking contrast to the un- 
fortunate tendency of some explorers of 
smaller mind to mar the value of their own 
exploits through neglect or by disparagement 
of the work of others, whether associates or 
rivals. Especially grateful to Americans are 
the credits given and justice done to Palmer 
and Pendleton. 

The volume is most creditable to the pub- 
lishers, and the translation good. The illus- 
trations are excellent, but the south-polar 
chart should have been on a larger scale, with 
side maps, and its text should have been in 
English. The volume will interest all readers 


fond of travel and exploration. 
A, W. GREELY 


Stereoscopisches Sehen und Messen. By von 
Cart PuuirricH. Jena: Gustav Fischer. 
1911. Pp. 40. 

This useful pamphlet, so far as the text is 
concerned, is available in English as the 
article on the “ Stereoscope” in the eleventh 
edition of the Encyclopedia Britannica. The 
pamphlet contains some supplementary state- 
ments; but its notable addition is a bibliog- 
raphy of 276 numbers covering the period 
1900-1911. This in turn supplements the 
bibliography available in M. von Rohr: “ Die 
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binokenlaren Instrumente.” Both text and 
bibliography are concerned predominantly 
and designedly with the physical problems of 
stereoscopy, though the discussion of the re- 
sulting refinements and variations of the 
stereoscopic effect reflects indirectly upon the 
psychological problems. While involving at 
each step questions of psychological analysis 
and theory, the essential advances in stereo- 
scopy have been physical in nature. In part 
they constitute the physical solutions of prob- 
lems raised by the study of depth-perception; 
and in yet larger measure they constitute 
original physical problems of application, ex- 
tension, and quantitative refinement of the 
stereoscopic principle. However, the existence 
of an adequate psychological study contributes 
to the physical problems a very different 
status than attached to them fifty years ago, 
when it was difficult to convince the scientific 
publie that psychology had any logical right 
or proprietary interest in an instrument made 
of prisms, or lenses, or mirrors. 

The renascence of interest in stereoscopic 
problems is abundantly evidenced by the ex- 
tent of the literature, and further by the great 
variety of publications in physiological, 
psychological, ophthalmological and general 
scientific journals, together with applications 
of stereoscopic presentations to. scientific, edu- 
cational and technical procedure. While the 
expository article of Dr. Pullfrich touches 
upon but few of these phases of the subject, it 
is written with a background reference to 
them, as a support of the interest in the prob- 
lems considered. It seems the irony of fate 
that the man who by construction and analy- 
sis had done so much to make possible the re- 
finements of stereoscopic vision, is himself 
deprived of their enjoyment. Having lost the 
use of one eye, Dr. Pullfrich records that to 
him the beauties of stereoscopic effects are a 
matter of remembrance only. 

Pullfrich’s exposition is itself so condensed 
that this notice may be confined to an ac- 
count of its method and procedure. The 
fundamental condition of stereoscopic vision 
is the separation and position of the eyes in 
the head, the variations of which in different 
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animals offer suggestive and as yet incom- 
pletely interpreted potentialities of depth- 
perception. The part of the visual field in 
which stereoscopic vision operates is limited, 
and makes the reports of space-relations from 
those portions of the visible world which the 
right eye and the left eye respectively but 
exclusively survey, a special problem of in- 
direct stereoscopy. Obviously such report is 
momentary and shifting, since a turn of the 
eyes brings the outlying object into the binoc- 
ularly policed territory. As to the physiolog- 
ical or psychological basis of the team-work 
which the two eyes so marvelously perform, we 
are reduced to ingenious hypotheses. The 
principles of stereoscopic vision express merely 
the conditions of conformity necessary to the 
production of the depth-effect, and the corol- 
laries of variation in effect resulting from 
shifting values of the many variable contribu- 
tors. It has become clear that the presumable 
alternative of the earlier discussions between 
the part played by “retinal dissimilarity ” 
and by “ convergence shiftings,” is not an ex- 
clusive one; the two jointly contribute to the 
effect in practise, and this circumstance re- 
flects back upon the theory, by suggesting 
that tentative motor initiatives may even fuse 
with seemingly instantaneous retinal im- 
pressions. 

The physical problems are, in a sense, con- 
ditioned by the marvelous precision of the 
psychological depth-perceiving mechanism; 
for were not the optical instrument sup- 
ported by the visual fineness of distinction, 
there would be no possibility of the utiliza- 
tion by the eyes of the extensions and con- 
trols of its verdicts which the inventions of 
Dr. Pullfrich and the constructions of the 
firm of Zeiss have added to the triumphs of 
science. The problems arising from the re- 
construction of a natural depth-effect from 
the combination of two photographic (or 
diagrammatic) views—the divergence of 
which reproduces the difference resulting 


from the base line of the interocular distance 
—are naturally distinct from those growing 
out of the project of extending the range or 
degree of depth-perception of an actual and 
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extensive three-dimensional world. The 
former problem was in principle solved by 
Wheatstone, and its perfection in securing an 
orthostereoscopie effect—apart from conve- 
nience and refinement—follows upon the an- 
alyses and elimination of the incidental and 
unintentional deviations between the optical 
system of the photographic reproduction, and 
that of the original visual experience. Inven- 
tion has been fertile, especially in devices for 
presenting to the eyes the two divergent 
views, leading to such diverse pieces of view- 
ing apparatus as the reflecting stereoscope of 
Wheatstone, the refracting one of Brewster, 
the lenticular of Helmholtz, the complemen- 
tary chromatic effect of Rollman-d’Almeida, 
the Ives parallax stereogram, the unilateral 
reflecting stereoscope of Pigeon, and in 
another direction, to the invention of the 
Verant lenses; in yet another, to the devices 
for stereoscopic projection, and again to the 
study of pseudostereoscopy. The enlarge- 
ment and precision of stereoscopic vision has 
led to the stereotelemeter, in which the pro- 
jection of a scale incorporated in the optical 
system of the instrument (by engraved lines 
on the objective, or equivalent device) over 
the distant landscape gives accurate stereo- 
scopic judgments at a telescopic range. Con- 
versely the stereo-comparator provides the 
means of restoring to space-relations of the 
third dimension, the minute transverse devia- 
tions of the two divergent representations re- 
sulting from any given real (or calgulated) 
base line. From this, in turn, other problems 
diverge, such as that of constructing an 
equally precise photographic stereo-camera, 
and again of restoring from the stereograms 
thus resulting, the actual object—say, a 
statue—in its three dimensional reality. 
No less accurately than a phonographic disc 
preserves a voice for posterity may a solid 
reproduction of our actual bodily self in 
length, breadth, thickness of build and fea- 
ture, be embodied on the twin record of a 
true stereoscopic print. Finally, of applica- 
tions of stereoscopic principles there are 
many and varied examples, from the detec- 
tion of forgeries to that of the variability of 
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stars, or examination of microscopic speci- 
mens. 

Pullfrich’s article is devoted not to the de- 
scription or analytic aspects of the problems 
of which these several inventions form the 
solutions, but to the clear and concise state- 
ment of the physical (and mathematical) as- 
pects of the constructions involved, with due 
reference to the functional service sought. 
For this specific purpose, as well as for a gen- 
eral survey of the recent advances in stereo- 
scopy, the pamphlet may be unreservedly 
recommended. JOSEPH JASTROW 


De Fabricatie van Suiker uit Suikerriet op 
Tava. By H. C. Privsen Geeruics. Am- 
sterdam, J. H. De Bussy. 1911. Second 
edition. Pp. xxiv + 500+ xx. 

Desire to keep pace with the rapid advances 
which the art of sugar-making is constantly 
experiencing has induced Prinsen Geerligs, the 
well-known Dutch sugar-expert and author, to 
prepare this new edition of his book, which 
was originally published in 1907. 

The work is divided into three sections. 
The first of these is given over to a considera- 
tion of the raw material and discusses the oc- 
currence and distribution of the various con- 
stituents of the sugar-cane—sucrose, dextrose, 
levulose, invert-sugar, fiber, the pectins, or- 
ganic acids, cane-wax, coloring matters, nitro- 
genous bodies and mineral matters. 

The second section is concerned with the 
technology of sugar-making. Attention is 
first given to the extraction of the juice from 
the cane and in this connection there are con- 
sidered, sugar-mills, processes of diffusion, the 
treatment of bagasse and determination of its 
fuel-value. Then follows an exhaustive dis- 
cussion of various processes of defecation and 
carbonatation, having for their object the 
clarifying of the crude cane-juice, and a de- 
tailed review of various reagents employed for 
the purpose. 

Under the caption “Concentration of the 
Juice,” the author deals with the preliminary 
concentration of sugar solutions, vacuum-pans 
and their accessories, and the working up of 
by-products. 
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As is well warranted by its importance, a 
separate chapter is devoted to the composition 
and utilization of molasses; Java-molasses, to 
the study of which the author has given much 
time and personal attention, receives specific 
consideration. 

The final section of the book deals with fac- 
tory-output, calculations and records; exten- 
sive tables and a satisfactory index conclude 
the volume, 

This brief outline of the book’s contents will 
indicate in how thorough and painstaking a 
manner the author has acquitted himself of his 
self-appointed task. His familiarity with the 
work of other investigators, with that of his 
American confréres among others, is amply 
attested by foot-notes and references scattered 
throughout the volume. 

The straightforward, lucid style in which 
this book is written is characteristic of its au- 
thor and makes its reading a pleasure, nor 
must the excellent make-up of the publication 
pass unnoticed—the quality of paper used, its 
typography, the marginal indices, all certainly 
merit the appreciation of its readers. 

G. WircHMANN 


An Introduction to the Lie Theory of One- 
Parameter Groups, with applications to the 
solution of differential equations. By 
ABRAHAM CoHEN, Ph.D., Associate in 
Mathematics, Johns Hopkins University. 
Boston, D, C. Heath & Co. 1911. Pp. iv+ 
248. Half leather. 

The scope of this attractive little volume 
may be inferred from its seven chapter head- 
ings, which are as follows: Lie’s theory of 
one-parameter groups, differential equations 
of the first order, miscellaneous theorems and 
geometrical applications, differential equa- 
tions of the second and higher orders, linear 
partial differential equations of the first order, 
ordinary differential equations of the second 
order and contact transformations. 

In form, binding and paper the present vol- 
ume is similar to the “ Elementary Treatise on 
Differential Equations,” by the same author, 
published in 1906. In subject matter it forms 
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a suitable sequel to this work, but it can be 
read with a more limited knowledge of differ- 
ential equations. While it should appeal espe- 
cially to the student of mathematics who is 
about to begin graduate work in an American 
university, it should also prove useful to those 
who make frequent use of the differential 
equation in applied fields of mathematics and 
who desire to look at the subject from the 
systematizing and clarifying standpoint of 
group theory. 

The book closes with an appendix contain- 
ing seven notes, two tables, answers to the ex- 
amples, and a good index. In these notes sev- 
eral important subjects are developed for 
which there was no room in the body of the 
book. In particular, the n-parameter group of 
transformations is considered briefly in one 
of these notes. The two tables contain forms 
of differential equations of the first and of 
higher order which are invariant under known 
groups. 

It is very gratifying to witness the rapid 
inerease of American mathematical literature 
suitable for students who are just beginning 
graduate work. Even very good students of 
mathematics have found the transition period 
from undergraduate to graduate work dis- 
couragingly difficult because they were all at 
once compelled to use foreign literature with 
an abrupt change of point of view and method 
of presentation. During the last decade much 
has been done to remedy this serious draw- 
back, but there are still many lacunas in this 
literature. The present volume has reduced 
by one the number of the most important of 


these. 
G. A. 


SPECIAL ARTICLES 


CARBON DIOXIDE AT HIGH PRESSURE AND THE 
ARTIFICIAL RIPENING OF PERSIMMONS 


Ir is already known from the work of Prin- 
sen-Geerligs (through Gore, 1910) on the 
fruit of the banana that its astringency dis- 
appears, without softening of the pulp (meso- 
carp), when surrounded by an atmosphere de- 
prived of oxygen. This result suggested to 
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Gore, of the Bureau of Chemistry, U. S. De- 
partment of Agriculture, that the use of any 
“inert” gas would be equally efficient, and 
accordingly he tried the effect of carbon diox- 
ide (Gore, 1910, 1911). The outcome of his 
experiments, as of my own (Lloyd, 1911) is to 
show that the results of Japanese method of 
processing, a procedure, apparently empirical, 
of exposing the fruit to the fumes of sake 
by packing in recently emptied casks, may 
be duplicated. Indeed, according to Fair- 
child (1905, 1911), attempts on a limited scale 
to imitate the Japanese method in this coun- 
try, had already met with success, so that 
there could have been little doubt in the 
minds of those cognizant of the facts that, 
with effort, but a short time need intervene 
before a method could be worked out for at- 
taining, even on a practical scale, the results 
desired. The expectation must have been 
strengthened by the results obtained by Vin- 
son (1909) on the date (Phenix dactylifera) 
whose fruit possesses, as regards the tannin 
cells, cytological characters precisely similar 
to those of the persimmon, sapodilla and other, 
doubtless numerous, fruits. Vinson found 
that acetic acid fumes can be used for pro- 
cessing dates to prepare them for the market, 
the immediate and important outcome being 
the loss of astringency. He (Vinson, 1910) 
further found that a host of reagents of the 
same phase can be used, but with attendant 
results undesirable from an economic point of 
view. Of these, for a single example, nitrous 
ether affects the tannin cells in such a man- 
ner that the contained tannin is no longer 
free to enter into solution, and hence the non- 
astringency. Even heat may be used to 
hasten the result, as Vinson (1907, 1910, 
1911) also showed, while Freeman (1911) ex- 
tended the use of this discovery in a practical 
way. 

In order to describe the loss of astringency, 
it was stated jointly by Bigelow, Gore and 
Howard (1906) and later by Vinson (1907) 
that the tannin in the persimmon becomes 
“insoluble” during the ripening process. 
But, as I have shown, “insoluble” tannin is 
not otherwise known. To use the adjective 
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quoted is to contravene the accepted defini- 
tions of the substance therewith described. 
Indeed, the astonishing unusualness of the 
conception appears when it is realized that 
there is known no compound of tannin with 
organic products, composing “leather” of one 
form or another, which, by repeated contact 
with fresh solvent, will not give up fractions 
of the amount of tannin originally bound up 
with the associated substance. Analogies in 
the field of colloidal chemistry will immedi- 
ately occur to those even only slightly initiated 
into its mysteries, for such they surely are at 
the present moment. My own work begun on 
the date (1910) in 1907 and continued on the 
persimmon (1911, a@ and b) and sapodilla 
(1911, b) has enabled me to throw some light 
on the difficulty. I have shown that, during 
the process of ripening, the loss of astringency 
is due to the union of the tannin with an as- 
sociated colloid (1911, a) of carbohydrate na- 
ture (1911, b), which is an intraprotoplastic 
product in common with the tannin itself, and 
which undergoes a gradual coagulation as 
seen in its increasing firmness and loss of 
swelling capacity. During this process the 
tannin becomes adsorbed, and there is thus 
formed a vegetable leather, from which only 
exceedingly small fractions may be extracted 
by ordinary solvents (water, alcohol), but 
which may be attacked chemically and then 
extracted by means of strong nitric acid, 
leaving the entire, or nearly the entire amount 
of the associated colloid intact (Lloyd, 
1911, c). We may thus obtain this as yet 
practically unknown body for examination by 
chemical methods, which have already yielded 
some important results, indicating as above 
noted its carbohydrate nature. 

So that it develops that the essential fact 
of the loss of astringency is the formation of 
a colloidal complex, of which tannin is one, 
and another carbohydrate the other member. 
Disregarding those reagents which have a 
chemical effect upon the tannin itself (so far 
as we can determine this) there is a number 
of substances which are capable of hastening 
this process. Alcohol and acetic acid vapors 
(the possible chemical effect of the latter on 
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tannin being disregarded for the moment) do 
so, but the change is accompanied by other 
autolytiec processes, in equal rates, which 
cause the digestion of the middle lamella, 
and, probably, conversion of sugars and of 
aromatic substances. Carbon dioxide, how- 
ever, is peculiar in that the loss of astrin- 
gency is materially hastened while, relatively, 
the remaining changes are held in abey- 


ance. being, however, hastened as com- 
pared with normal conditions. Herein 
lies the secret of the Japanese process, 


the source of the carbon dioxide being the 
fruit itself, as a result of respiration. As 
Gore (1910, 1911) showed, a pure atmos- 
phere of carbon dioxide, making available 
a larger amount, may be used. I have re- 
peated his experiments with the goal of im- 
mediate practicality in view, and have suc- 
ceeded in perfectly processing two varieties of 
Japanese persimmons (T7'aber 129 and Hya- 
kume) in churn barrels on a scale sufficiently 
large to demonstrate the feasibility and low 
cost of the method for the grower or mer- 
chant. The mechanical features of the 
churn barrel (of the “ Daisy” churn) permit 
the easy packing of the fruit in suitable 
material and the lid may be made sufficiently 
tight to imprison the carbon dioxide for the 
period necessary without recharging. The de- 
tails of the method will appear in another 
form later. But this is not all, nor the most 
important feature of this work. I have 
further demonstrated that, under increased 
pressure of carbon dioxid, the processing is 
hastened, so that, with a pressure of 15 pounds 
the time required may be reduced from six to 
seven days, the time required under normal 
pressure, to less than two days. The definite- 
ness of the experiment on this score leaves so 
little to be desired that I venture to detail it. 
Six dozen fruits, of the two varieties men- 
tioned in nearly equal numbers, were intro- 
duced into an autoclave (The Eclipse Steri- 
lizer) at 4 p.m., November 16. No packing 
was used, the fruits being placed side by side 
on cardboard trays. The air in the autoclave 
was first displaced, after which the pressure 
was increased to 15 pounds. A somewhat 
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sudden lowering of the pressure from 15 to 14 
pounds was attributed to the penetration of 
the gas into the fruit, and, at the expiration 
of 20 minutes, the pressure was again raised 
to 15 pounds. During the night, however, the 
pressure fell to normal, and, after recharging, 
the safety valve was found to leak. After ad- 
justment the pressure remained close to 15 
pounds. At 5 p.m. the same day, the pressure 
was raised to 18 pounds, but it fell during the 
night to 17 pounds, falling to 15 pounds by 
2 p.m. The autoclave was then opened, and 
the fruit tested. The fruits examined, in all 
about three dozen, by various persons, were 
found completely processed, save that, up to 
date, one particularly hard and light-colored 
fruit was found very slightly astringent. By 
way of further practical test, a dish of the 
fruit was served to a number of guests at my 
home on the night of the same day, and they 
all found the fruit very hard, sweet and de- 
lightfully aromatic. 

Fruits of the same lot, but processed two 
weeks previously, yielded to the treatment 
under normal pressure in seven to eight days. 
The control experiment, in which fruits of 
the same lot were exposed to normal pressure 
in a churn barrel, yielded in 8 to 10 days. 

It should not be overlooked that this sur- 
prisingly short period of two days may be too 
brief for fruit which has just been harvested, 
and may vary also with the time at which the 
harvesting takes place. In any event, how- 
ever, as the control shows, the time involved 
will be materially shortened with increase of 
pressure in the amount already indicated. 

The above experience leads us to infer that, 
if the initial pressure had been constantly 
maintained, the completion of the process 
might have been still further hastened, while 
it is possible that still higher pressures may 
be correspondingly more efficient. Setting 
this aside, since there are a number of ques- 
tions regarding color, degree of maturity and 
the like, in their relations to the rate and 
agents of processing which must be further 
studied, there is no doubt that the method of 
making use of supranormal pressures of car- 
bon dioxid may be employed to an advantage 
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superior to that of normal pressure. The 
somewhat inmereased cost necessitated by a 
tight receiver is more than offset by the re- 
duced time involved, by the certainty of the 
results and by the immediate availability. A 
suitable receiver of heavy galvanized iron sim- 
ilar to a kind already on the market, can be 
manufactured at a reasonable cost. 

But the practical value of this result is no 
greater than its theoretical bearing. It ap- 
pears, in the first place, that the réle of car- 
bon dioxid is not associated with its inertness, 
but is, on the contrary, positive, a conclusion 
demanded, I believe, by the time relations. 
How this view may be harmonized by the re- 
maining heterogeneous mass of facts, at pres- 
ent available through the efforts of the above- 
mentioned workers, it is too early to say, but 
it will prove, I believe, a fruitful suggestion 
that the explanations demanded are to be 
found in the relation of the heterogeneous 
reagents to the colloids, and therefore in the 
colloidal-chemical reactions, rather than in 
the better understood chemical relations. One 
may not overlook the capital fact that other 
of the ripening processes are hastened by car- 
bon dioxid, but in different degrees, suggest- 
ing the effect of a general catalytic agent. 
An exception, however, is to be noted in the 
cessation of color changes. A fruit, which is 
yellow when subjected to carbon dioxid, does 
not subsequently change to the usual deep 
orange of the normally ripened. 

From my study of the tannin cells them- 
selves it emerges that the increase in rigidity 
of the tannin-masses, a slow process under 
ordinary conditions, is hastened under normal, 
and still more under supranormal pressures of 
carbon dioxid, but is preceded, by a relatively 
brief period, by the completion of non-as- 
tringency. From this it may, for the present, 
be inferred that the disappearance of soluble 
tannin is connected with the coagulation of 
the associated colloid, and that the réle of 
the acid, carbon dioxid, is, directly or indi- 
rectly, the cause of this coagulation which 
proceeds up to some, at present, unknown 
limit at a rate related to the amount of acid 
available. That, by coagulation, the physico- 
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chemical condition of the colloid, and its con- 
sequent behavior toward tannin, may be 
changed finds an analogy, perhaps not too 
loose for my purpose, in the behavior of the 
micropylar colloid stopping the micropyle in 
the egg of Fundulus. According to the view 
of Jacques Loeb (1911) this colloid becomes 
“tanned ” in the course of one or two days if 
in the surrounding water certain salts are 
present, thereby rendering the micropylar 
plug semi-permeable to sodium chloride, and 
so preventing the toxic effect of this salt upon 
the embryo within. 

But whatever the importance of the expla- 
nation of the phenomena in the moribund 
fruit, the physiological meaning of the as- 
sociated colloid during its period of develop- 
ment is certainly not of less. It is known that 
the coagulation of casein by HCl may be 
prevented by the association, with the casein, 
of another, a “protective,” colloid (Alex- 
ander, 1910). On the strength of this fact, 
Alexander has been able to throw an impor- 
tant light on the digestibility of human, as 
compared with bovine and certain other 
milks. It seems not improbable that, in the 
growing cell, such is the relation of its associ- 
ated colloid to the tannin, thus preventing its 
attack upon the protoplasm. This, as a 
working theory, has a not inconsiderable ten- 
tative value. In harmony therewith is the 
fact that the tannin in the persimmon, as in 
the date, always remains within the cell, the 
tannin-idioplast, in which it originates 
(Lloyd, 1910, 1911). 

Concerning the action of heat, which, it has 
already been said, causes coagulation of the 
associated colloid, Vinson, cited above, has 
shown that too high temperatures, sufficient 
to destroy enzymes, prevent normal ripening 
(that is, as related to astringency), while suit- 
able temperatures, yet fatal to protoplasm, 
hasten it. He sees in these facts evidence of 
the presence of enzymes. I have shown that 
high temperatures (that of the boiling of con- 
centrated cane-sugar solution) actually coagu- 
late the associated colloid (1911), but without 
the complete imprisonment within it of the 
tannin. It seems clear from this that the time 
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relation is an important one, and that, during 
normal ripening, an enzymatic agent is at 
work effecting the coagulation. If this be 
true, the réle of carbon dioxid may be less 
direct than above indicated, and that its busi- 
ness lies in hastening the secretion or the ac- 
tivity of the responsible enzyme. 
Francis Ernest Luoyp 
AGRICULTURAL EXPERIMENT STATION, 
ALABAMA POLYTECHNIC INSTITUTE 


CITATIONS 


1910. Alexander, Jerome, and Bullowa, J. G. M. 
‘«Protective Action of the Action of the Colloids 
in Milk, with some Ultramicroscopic Observa- 
tions,’’ Archives of Pediatrics, January (no 
pagination). 

1910. Alexander, Jerome. ‘‘Some Colloid-chem- 
ical Aspects of Digestion with Ultramicroscopic 
Observations,’’ Jour. Am. Chem. Soc., 32: pp. 
680-687, May. 

1906. Bigelow, W. D., Gore, H. C., and Howard, 
B. J. ‘‘Growth and Ripening in Persimmons,’’ 
Jour. Am, Chem. Soc., 38: pp. 688-703, June, 
1906. 


1905. Fairchild, D. G. 
of Ripening Persimmons,’’ Proc. 
Sci., pp. 37-40. 

1911. Freeman, G. F. ‘‘ Ripening Dates by In- 
eubation,’’ Ariz. Agri. Exp. Sta., Bull. 66, pp. 
437-456. 

1910. Gore, H. C. ‘‘Ripening of Persimmons.’’ 
Minute of paper presented before the Botanical 
Society of Washington, ScrENcE, N. S., 32: p. 
807, December 2. 

1911. Gore, H. C., and Fairchild, D. ‘‘ Experi- 
ments on the Processing of Persimmons to Ren- 
der them Non-astringent,’’ U. S. Dept. Agri., 
Bur. Chem., Bull. 141, September 29. 

1910. Lloyd, F. E. ‘‘ Development and Nutrition 
of the Embryo, Seed and Carpel in the Date, 
Phenia dactylifera L.,’’ Ann. Rep. Mo. Bot. 
Gard., 21: pp. 103-164, 

1911. Lloyd, F. E. ‘‘The Behavior of Tannin in 
Persimmons, with some Notes on Ripening,’’ 
Plant World, 14: pp. 1-14, January. 

1911. Lloyd, F. E. ‘‘The Artificial Ripening of 

Persimmons,’’ Ala. State Dept. Agri. Bull. 42 
(from Proc. 8th annual meeting, Ala. State 
Hort. Soc., Birmingham, January 19-20, 1911), 


‘*The Japanese Method 
Soc. Hort. 


SCIENCE 


[N.S. Vou. XXXIV. No, 887 


1911. Lloyd, F. E. ‘‘ Ueber den Zusammenhang 
zwischen Gerbstoff und einem anderen Kolloid 
in reifenden Friichten, insbesondere von Phonix, 
Achras und Diospyros,’’ Zeitschrift fiir Chemie 
und Industrie der Kolloide, 9: pp. 65-73. 

1911. Lloyd, F. E. ‘‘The Tannin-complexes in 
the Fruit of the Persimmon, Diospyros,’’ Bio- 
chemical Bulletin, 1: pp. 6- (In press.) 

1911. Loeb, Jacques. ‘‘The Réle of Salts in the 
Preservation of Life,’’ ScrENcE, N. 8., 34: pp. 
653-665, November 17. 

1907. Vinson, A. E. ‘‘The Function of Invert- 
ase in the Formation of Cane and Invert Sugar 
Dates,’’ Bot. Gaz., 43: pp. 393-407. 

1907. Vinson, A. E. ‘‘Some Observations on the 
Date,’’ Plant World, 10: pp. 259-262, No- 
vember. 

1909. Vinson, A. E. ‘‘*The Influence of Chem- 
icals in Stimulating the Ripening of Fruits,’’ 
Science, N. 8., 30: pp. 604-605, October 29. 

1910. Vinson, A. E. ‘‘The Stimulation of Pre- 
mature Ripening by Chemical Means,’’ Jour. 
Am, Chem. Soc., 32: p. 208, February. 

1911. Vinson, A. E. ‘‘Chemistry and Ripening 
of the Date,’’ Ariz. Agri. Exp. Sta., Bull. 66, 
pp. 403-435. 


FUNDULUS AND FRESH WATER 


In a series of papers’ published in 1906 and 
1907, I presented the results of experiments 
in which fishes of a number of species (par- 
ticularly Fundulus heteroclitus) had been sub- 
jected to various modifications of the salt con- 
tent of the containing water and to various 
other abnormal conditions. Contrary to the 
previously published statements of Loeb’ and 
of Garrey,’ I found that in the great majority 


1 Biological Bulletin, May, 1906; Bulletin of the 
Bureau of Fisheries for 1905 (May, 1906); Amer- 
ican Journal of Physiology, June, 1907. Further 
data were reported in a paper before the seventh 
International Zoological Congress in 1907 (to be 
published). 

2 American Journal of Physiology, Vol. 3, 1900, 
pp. 327-338. I regret to say that my criticism of 
this writer was framed in language which, though 
not intended offensively, I now recognize to have 
been in poor taste. 

* Biological Bulletin, Vol. VIII., 1905, pp. 257- 
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of cases Fundulus heteroclitus died, either in 
jistilled water or in ordinary fresh water, 
drawn from the water supply of New York or 
of Woods Hole. In my own experiments with 
healthy adult fishes, placed in ordinary “ tap ” 
water, death commonly occurred after an in- 
terval of from one day to two weeks, although 
individuals frequently lived for a consider- 
ably longer period, sometimes as long as they 
were kept under observation. In some of the 
experiments the earliest deaths occurred too 
soon to make it possible to attribute them to 
bacterial or fungous disease, while in the 
great majority of fishes there was no visible 
evidence of such disease to the last. 

I have been very careful to avoid making 
the claim that Fundulus of this species could 
not, under any circumstances, live for an in- 
definite period, either in fresh or distilled 
water. Indeed, as regards the former, I cited 
trustworthy reports of cases in which this 
fish had become landlocked in ponds, etc., 
probably through a slow process of acclimati- 
zation, I have, however, laid emphasis upon 
the fact that adult specimens do commonly 
die within a few days after transfer to 
water entirely devoid of their accustomed 
salts. From recent conversations with Pro- 
fessor Loeb, I am led to understand that this 
has likewise been his own experience.’ In- 
deed, in a paper® published during the present 
year he distinctly affirms that only five per 
cent. of his grown individuals show sufficient 
powers of resistance (“diese grosse Wider- 
standsfihigheit ”) to live for five weeks in 
distilled water. On this point, then, the dif- 
ference between us seems to be merely a mat- 
ter of emphasis. Loeb, for his purposes, has 
laid stress upon those cases in which the 
fishes have survived; I have laid stress upon 
the fact that, except for brief periods, they 
commonly do not survive. 

In itself, it would seem to be a matter of 
small scientific importance whether or not 


‘If I am mistaken in this, I trust that Professor 
Loeb will set me right. 

*Archiv fiir Entwicklungsmechanik, Bd. 31, 
1911, pp. 654-657. 
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any given species of fish can be transferred 
with impunity from one medium to another. 
We all know that some fishes can, while many 
can not, endure such a transfer. But since 
the experiments, both of Loeb and myself, in 
this field, have dealt very largely with the 
question whether or not this particular species 
would survive various experimental conditions 
which have been employed by us, it is of con- 
siderable importance to recognize its ordinary 
behavior in fresh water. 

In a recent article’ already referred to, Loeb 
has made much of the fact that I admittedly 
used commercial distilled water in my ex- 
periments, and would clearly have his readers 
believe that the death of the fishes in these 
experiments was due to impurities in the 
water. It seems hardly necessary for me to 
state that my use of water of this sort was 
deliberate and was done with a full knowledge 
of the fact that ordinary distilled water has 
been found harmful to some organisms. I 
used this sort of water for the simple reason 
that I was not, at the time, in a position to 
obtain sufficient quantities of chemically pure 
distilled water. I believe, however, that the 
validity of my results was not affected by the 
character of the distilled water employed, and 
this I hold for several reasons: (1) These fishes 
likewise died in ordinary “tap” water, in 
which true fresh water species lived perfectly 
well. Loeb’s suggestion that disease germs 
may have caused the deaths in such cases is 
negatived by the fact that death oftentimes 
occurred within less than a day. (2) The 
baneful effects both of the distilled water and 
of the tap-water were abolished by the intro- 
duction of a very small percentage either of 
sea-water or of pure NaCl, as will be pointed 
out below.” (3) I must repeat Loeb’s own ad- 


‘Archiv fiir Entwicklungsmechanik (loc. cit.). 

™Here an appeal may be made to the antago- 
nistie effect (discussed below) of the salts of sea- 
water upon various poisons, it being assumed that 
the distilled water had been contaminated by some 
metallic poison. Such an assumption could not be 
made, however, in the case of the tap water used, 
while the action of the NaCl in the two cases 
seems to have been identical. 
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mission, contained in the same paper in 
which he criticizes me, that all but five per 
cent. of the adult Fundulus died in his 
“double distilled” water. Why, then, as- 
sume that the water employed by me contained 
poisonous impurities? (4) Weighty evidence 
upon this same question is already afforded by 
an experiment which I have only recently 
commenced. At the date of writing this para- 
graph (Dec. 12), I have kept in distilled water 
for seven days eighteen specimens of F'undulus 
heteroclitus, taken from a fresh water stream 
and consequently habituated to the latter 
medium. The distilled water was prepared in 
an ordinary metal still. The fishes neverthe- 
less all appear to be in perfect health, and no 
deaths have occurred in the lot since the first 
day, when two fishes died from causes having 
no bearing upon the present problem. This 
result is significant in comparison with that 
which had been obtained when salt-water 
specimens were used. The final outcome will 
be reported upon later. 

As bearing on the question of the “ pro- 
tective” action of various salts, it may be 
relevant for me to point out that in 1906 I de- 
scribed experiments demonstrating the re- 
markable efficacy of even small percentages of 
sea-water in counteracting the fatal effects of 
fresh water upon Fundulus. I later showed* 
that this proportion need not exceed one part 
of sea-water to a hundred of ordinary fresh 
water. Experiments in which pure NaCl was 
employed, dissolved both in distilled water 
and in fresh (“tap”) water, showed that this 
salt, in concentrations of 3 to 15 grams per 
liter (in some cases three tenths gram per 
liter), may preserve the lives of the fishes for 
three or four weeks or longer. Fishes kept in 
pure tap water, under otherwise similar con- 
ditions, all died within comparatively few 
days. 

The fact that this fish will endure pure 
NaCl, in “very weak solutions,” is now fully 
admitted by Loeb himself,’ but he still appears 

* American Journal of Physiology (loc. cit., par- 
ticularly pp. 68, 72, 73). 

*Archiv fiir Entwicklungsmechanik (loc. cit.) ; 
also SclENCE, November 17, 1911. 
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to overlook the fact that, in such low concen- 
trations, the salt in question is far from being 
a poison, but frequently preserves the fish from 
destruction. 

Furthermore, we surely can not regard 15 
grams per liter (a concentration tolerated by 
many of my fishes) as a “very weak solv- 
tion.” Indeed, it is roughly an M/4 solution, 
or one of more than half the concentration in 
which this salt occurs in sea-water.” Experi- 
ments in which sodium chloride was used ina 
about the same concentration as in sea-water 
resulted in the death of all the (30) fishes 
used in from two to fifteen days. 

In summing up this part of the discussion, 
I can but repeat my earlier statement that 
“Tn addition to such a toxic effect, however, 
the sodium chloride certainly has a potent 
anti-toxie effect, since, even in_ solutions 
which proved fatal, the rate of death was 
usually much lower than in pure fresh water. 
In the aggregate, these experiments may be held 
to prove, therefore, that pure sodium chloride, 
in certain proportions, has nearly (if not 
quite) the same efficacy in counteracting the 
fatal influence of fresh water upon Fundulus 
heteroclitus as does the combination of salts 
contained in sea-water. My previous experi- 
ments have abundantly proved, I think, that 
the action of this salt is not an osmotic but a 
chemical one” (1907, p. 73). 

In a section of considerable length, entitled 
“The Toxicity of Certain Poisons as Affected 
by the Salinity and Osmotic Pressure of the 
Medium,” I pointed out, among other things, 
that certain metallic salts (e. g., copper 
chloride and sulphate, and mercuric chloride) 


” Referring to some of his experiments with 
young Fundulus, Loeb tells us (SCIENCE, loc. cit;) : 
‘*T succeeded in showing that as long as the 
sodium-chloride solution is very dilute and does 
not exceed the concentration of M/8, the addition 
of KCl and CaCl, is not required: Only when the 
solution of NaCl has a concentration above M/8 
does it become harmful and does it require the 
addition of KCl and CaCl,.’’ The difference be- 
tween Loeb’s results and my own—of which last 
Loeb does not seem to be aware—may be due t 
the difference in the age of the fishes employed. 
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were more toxic in fresh water than in cer- 
tain strengths of salt water, and this even to 
fresh-water fishes. One obvious interpreta- 
tion is that these poisons were merely neu- 
tralized chemically by the ingredients of the 
sea-water, outside of the body of the fish, but 
this explanation is rendered improbable by a 
variety of considerations which can not be 
discussed within the limits of the present 
article. 

The employment of pure NaCl, instead of 
sea-water, in these last experiments, would 
not probably have affected the outcome, if we 
may judge by recent work of Loeb, in which 
he found that the poisonous effect of zinc sul- 
phate upon Fundulus eggs was neutralized by 
the former salt. 

Loeb’s assertion that “salts alone have 
such antagonistic effects” certainly does not 
apply to adult fishes. I need only call atten- 
tion to the fact that cane-sugar solutions of 
certain strengths were found by me to very 
clearly defer the fatal action of the copper 
salts, both upon Fundulus heteroclitus and 
upon certain fresh-water species. It had first 
been ascertained that cane sugar did not, in 
any concentration, take the place of sea salts 
or of sodium chloride in prolonging indefi- 
nitely the life of Fundulus. Whether or not 
these facts can be brought into harmony with 
Loeb’s “tanning” hypothesis, I do not pre- 
tend to know. 

And now, while I am unearthing some of 
these long-buried records of the past, I can not 
refrain from repeating one of my articles of 
faith therein expressed: 

The writer is not in the léast in sympathy with 
the tendency, so often manifested, to explain the 
most complex of natural phenomena by a few 
simple chemical or physical formule. If the prin- 
ciples which I have invoked [referring to certain 
tentative hypotheses] operate at all in the way in 
which I have supposed, they operate in conjunc- 
tion with other principles so obscure and complex 
that a complete solution of these problems is cer- 
tainly very far distant. 


Francis B. SUMNER 
U. S. Bureau oF FISHERIES, 
WASHINGTON, D. C., 
November 28, 1911 
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SOCIETIES AND ACADEMIES 


THE BOTANICAL SOCIETY OF WASHINGTON 


THE 74th regular meeting of the society was 
held at the Cosmos Club, Tuesday, October 10, 
1911, at eight o’clock P.M. In the absence of the 
regular officers, Dr. Albert Mann presided. 
Twenty-five members were present. 

The following papers were read: 


The Wilting Coefficient for Different Plants and 
its Indirect Determination: Dr. L. J. Briees 
and Dr. H. L. SHANTZ. (Presented by Dr. 
Shantz. ) 


The Forest of Arden, a Dream: H. C. SKEELS. 

The Forest of Arden is a 300-acre tract of 
native woodland, three miles east of Joliet, Lil. 
in the valley of Hickory Creek, and forms a part 
of the 2,000-acre estate, Harlow-Arden, of Mr. H. 
N. Higinbotham, of Chicago. The creek is dammed 
in three places, with locks through the two upper 
dams, giving a mile and a half of boating. Five 
miles of gravel drives have been laid out, the pur- 
pose being to display the landscape beauties of 
mixed meadows and woods to the best advantage. 
Along these drives, beginning with the ferns and 
following the accepted sequence of plant families 
to the composites, there has been planted a botanie 
garden of 2,000 species, room being left for as 
many more. 

Each species is located by its place in the se- 
quence, and by a map, cross-sectioned to square 
100 feet on each side, accompanied by an index 
giving the plant names and the number of the 
square on which each will be found. There are 
no formal beds and no labels, but the species are 
there, to be seen by those interested. 

The eleventh annual business meeting of the 
society was held on Tuesday, October 24, 1911. 
Officers were elected as follows: President, W. A. 
Orton; Vice-president, A. 8. Hitchcock; Recording 
Secretary, Edw. C. Johnson; Corresponding Secre- 
tary, W. W. Stockberger; Treasurer, F. L. Lew- 
ton. The executive committee reported an active 
membership of 104, there having been nineteen 
accessions during the year. 

The 75th regular meeting of the society, held 
November 14, 1911, in conjunction with the Wash- 
ington Academy of Sciences, was devoted to a lec- 
ture by Dr. W. L. Johannsen, of Copenhagen. 
The subject of the lecture was ‘‘ Heterozygosis in 
Pure Lines of Beans and Barley.’’ 

The 76th regular meeting was held at the Cos- 
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mos Club, Tuesday, December 5, 1911, at eight 
o’clock. President W. A. Orton presided. Thirty- 
three members were present. 

The following papers were read: 

Thrips as Pollinators of Beets: Harry B. SHaw. 

Thrips tabaci were observed to be numerous on 
seed beets in Utah. They were always abundant 
on flowering racemes, as many as 190 being col- 
lected from one small branched raceme. They 
were not observed to interfere with seed produc- 
tion. On the contrary, it appeared more probable 
that they acted as agents of pollination. An ex- 
amination showed them to bear numerous pollen 
grains scattered about their bodies, as many as 
140 beet pollen grains being counted on one adult 
thrips. An experiment, started August 7 and 8, 
1911, under carefully arranged isolation conditions 
on emasculated beet flowers, resulted in 17.2 per 
eent. of the flowers to which thrips had been 
introduced being fertilized and producing seed. 
All the controls remained sterile. The conclusions 
are that thrips are probably important beet pol- 
linators; that they may act similarly with other 
plants; that their absence or too small number 
may account for the non-fertilization of flowers 
in some localities and seasons; that they may 
fertilize flowers under supposedly isolated condi- 
tions and may even cross plants not regarded as 
eapable of being crossed by insects, e. g., barley; 
and that they may also spread fungus spores and 
bacteria. 

Forest Types: RAPHAEL ZON. 

A study of Idaho forest types revealed three 
main factors: (1) yellow pine-Douglas fir, (2) 
cedar-hemlock, both climax types, and (3) pine- 
larch, a transitory type. The first formation is 
both a pioneer and climax type; the second is a 
climax type preceded by the transition type, the 
order of succession being first the larch (Lariz 
occidentalis), then the white pine (Pinus monti- 
cola), and lastly the cedar (Thuja plicata), hem- 
lock (Tsuga heterophylla), and white fir (Abies 
concolor). 

Phytochemical Studies on Cyanogen: Dr. C. L. 

ALSBERG and O. F. BLAcK (by invitation). 

W. W. STocKBERGER, 
Corresponding Secretary 


THE TORREY BOTANICAL CLUB 


THE meeting of October 10, 1911, was held at 
the American Museum of Natural History at 8:15 
P.M., President Rusby presiding. Forty persons 
were present. 
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The minutes of the meetings of May 8 and May 
31 were read and approved. Professor R. A. 
Harper, Columbia University; Dr. C. W. Ballard, 
115 W. 68th Street; F. D. Fromme, Columbia 
University; A. B. Stout, New York Botanica] 
Garden, and Miss C. Rabinowitz, New York City, 
were then proposed for membership. 

‘The report of the secretary on the method of 
changing the day of a regular meeting was ac. 
eepted. Dr. E. B. Southwick, chairman of the 
field committee, reported progress. A similar re- 
port was offered by Dr. Rusby, acting for the 
committee to revise the constitution. 

Professor R. A. Harper, Dr. C. W. Ballard, F. 
D. Fromme, A. B. Stout and Miss C. Rabinowitz 
were elected to membership. 

The scientific program consisted of a lecture on 
‘*Some Edible and Poisonous Mushrooms,’’ by 
Dr. W. A. Murrill. The lecture was illustrated 
with lantern slides which had been made from 
photographs of specimens recently collected in the 
vicinity of New York City and colored while the 
specimens were in a fresh condition, thus enabling 
the artists to reproduce the natural coloration of 
the specimens photographed. The speaker stated 
that the exceptionally large number of recent 
deaths due to poisonous species of mushrooms was 
no doubt attributable to the abundant crops of 
Amanita phalloides and Amanita muscaria which 
have followed the copious rainfall of this season. 
Slides showing the poisonous species in several 
stages of growth were exhibited and the special 
marks of identification were pointed oxt. Follow- 
ing these were shown slides of some of the edible 
mushrooms easily confused with the poisonous 
varieties. The two most characteristic features 
of the poisonous mushroom are the ‘‘death cup” 
or volvas and the ‘‘ring’’ or annulus. ‘The care- 
less mushroom hunter may pull up a specimen, 
leaving the volva still buried in the earth, or the 
annulus, which is a more or less fragile structure, 
may have already disappeared, and serious conse- 
quences result from the oversight. 

Dr. Murrill wished to emphasize the fact that 
there were no rules or tests that could be applied 
with certainty. It is necessary that one gathering 
mushrooms for eating purposes should confine his 
operations to such species as he knows intimately 
in all their various forms. 

The lecture was discussed by Dr. H. H. Rusby, 
Dr. Thomas, E. B. Southwick and E. C. Edwards. 

B. O, Dopee, 
Secretary 
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Saunders’ Books 


THE NEW (2d) EDITION 
Lusk on Nutrition Valuable also to Students of Animal Dietetics ./ 
The Elements of the Science of Nutrition. By Granam Lusk, Pu.D., z 


Professor of Physiology at Cornell Medical School. Octavo volume of 402 
pages. Cloth, $3 00 net. 


McFarland’s Pathology THE NEW (2d) EDITION gs 


A Text-Book of Pathology. By JosepH McFar.anp, M D., Professor 
of Pathology and Bacteriology in the Medico-Chirurgical College of Phila- 
delphia. Octavo of 856 pages, with 437 illustrations, some in colors. 
Cloth, $5 00 net; Half Morocco, $6.50 net. 


McFarland’s Biology: Medical and General 


Biology: Medical and General. By JosepH McFartuanp, M D., Pro- 
fessor of Pathology and Bacteriology in the Medico-Chirurgical College of 
Philadelphia. Octavo of 440 pages, with 160 illustrations. Cloth, $1 75 net. 


McKenzie on Exercise in Education and Medicine 


Exercise in Education and Medicine. By R. Tait McKenziz, B.A., : 
M D, Professor of Physical Education, and Director of the Department, 


University of Pennsylvania. Octavo of 406 pages, with 346 illustrations. 
Cloth, $3.50 net. if 


Deaderick on Malaria 


A Practical Study of Malaria. By Wir11am H. Deaperick, M.D., 
Member of American Society of Tropical Medicine; Fellow London Society 
of Tropical Medicine and Hygiene. Octavo of 402 pages, illustrated. 


Cloth, $4.50 net ; Half Morocco, $6.00 net. : 


Camac’s ‘‘Epoch-making Contributions ’”’ 


Epoch-making Contributions to Medicine and Surgery. Collected and 
arranged by C N. B. Camac, M.D., Professor of Clinical Medicine, Cor- 
nell Medical School. Octavo of 435 pages, with portraits. Artistically 


bound, $4.00 net. 
W. B. SAUNDERS COMPANY 925 Walnut St., Philadelphia 
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The Popular Science Monthly 


CONTENTS OF THE JULY NUMBER 
Pasteur, a Study in Greatness, Professor Fernando 
Wood Martin. 
Concealing Coloration, Abbott H. Thayer. 
Expansion of the Usefulness of Natural History 
Museums. Professor Thomas H. Montgomery, Jr. 
The History and Varieties of Human Speech. Dr: 
Edward Sapir. 
University Standards and Student Activities. Orris 
Leslie Ellictt. 


The Psychology of Mental Deficiency. Dr. Bird T. 
Baldwin. 

Jacobus Henricus van ’t Hoff. Professor Harry C. 
Jones, 


The Progress of Science: The Amherst Idea; The 
Catskill Aqueduct; Scientific Items. 


CONTENTS OF THE AUGUST NUMBER 

The Significance of Tropisms for Psychology. Dr, 
Jacques Loeb. 

Feeling in the Interpretation of Nature. Professor 
William E. Ritter. 

The Typhoid Fly on the Minnesota Iron Range. Pro- 
fessor F. L. Washburn. 

What Makes a College? Professor A. B. Wolfe. 

The tiene in Politics. Professor T. D. A. Cock- 
erell. 

The Classification of the Sciences. Dr. Ira Woods 
Howerth, 

Francis Galton. Dr J. Arthur Harris. 

The Origin of Luminous Meteor Trains. Dr. C. C. 
Trowbridge. 

The Progress of Science: 
The Extension of the American Museum of 
Natural History ; The Protection of the Fur Seal; 
Scientific Items. 


CONTENTS OF THE SEPTEMBER NUMBER 


The Bureau of Standards. Professor HENRY 8- CaR- 
HART. 

On the History of Internal Medicine. Dr. JoHN Bren- 
JAMIN NICHOLS. 

Science and Social Progress. Dr. FREDERICK A. 
BUSHEE. 

Attempts toexplain Gravitation. WImILson C. MorRIs. 

The Purpose and Some Principles of Systematic Zool- 
ogy. HusBert LYMAN CLARK. 

The Narrowing Circle of the Animal Kingdom. 
Tuos. D. Eason. 

Food Preparation and its Relation to the Develop- 
ment of Efficient Personality in the Home. 
LAURA CLARKE RocCKWOOD. 

The Constitutional Conservatism of Women. Dr. 
Otto CHARLES GLASER. 

Floating Islands. SIDNEY POWERS. 

The Progress of Science: Charles Otis Whitman ; The 
American Geographical Society ; Scientific Items. 


CONTENTS OF THE OCTOBER NUMBER 


Genetics. W. BATESON. 

Civilization and Vegetation. 
PEIRCE. 

English as an International Language, Professor 


ALBERT LEON GUERARD. 
Professor E. G. Mont- 


Perfect Flowers in Maize. 
GOMERY. 

The Sounds “ch” and SCRIPTURE. 

The Relative Importance cf Mental Pain. Dr. 
SMITH BAKER, 

Language Study and Language Psychology. Pro- 
fessor E. W, Fay. 

Agriculture in the High School. Jostan MaIn. 

The Laws of Environmental Influence. Professor 
Srmon N, PATTen. 

The Race Fiber of the Chinese. Professor EpwarpD 


A. Ross. 

The Progress of Science: 
The Langley Memoir on Mechanical Flight; 
Address of the President of the British Associa- 
tion ; The Director of the American Museum of 
Natural History ; Scientific ltems. 
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The Bering River Coal Field, Alaska. Professor 
George F. Kay. 
Insect Parasitism and its Peculiarities. Professor 


William Morton Wheeler. 


Mathematics and Engineering in Nature. Professor 
Arnold Emch. 

American Mathematics. Professor G. A. Miller. 

Buffon and the Problem of Species. Professor Arthur 
O. Lovejoy. 

A World-wide Color Line. Professor U. G. Weatherly. 

The Crossing of the Races. Dr. J. G. Wilson. 

The Conservation of the Food-supply. Dr. Henry 
Prentiss Armsby. 

The Moral Influence of a University Pension System. 
Dr. Heury 8. Pritchett. 

The Progress of Science : 
College Studies and Professional Training ; The 
Portsmouth Meeting of the British Association ; 
A Hand-book of Universities ; Scientific Items. 


CONTENTS OF THE DECEMBER NUMBER 


Science among the Chinese. Dr. C. K Edmunds. 

Why do Certain Living Forms Produce Light? F. 
Alex. McDermott. 

The Water Relations of Desert Plants. Dr. D. T. Mac- 


Dougal. 

Buffon and the Problem of Species. Professor Arthur 
0. 

Protozoan Germ Plasm. Professor Gary N. Calkins. 


Adamas, or the Symmetries of Isometric Crystals. 
Professor B. K. Emerson. 

ee of Printing in Antiquity. Frederic Drew 

ond, 

Is Vegetarianism Capable of World-wide Application ? 
Professor Alonzo Englebert Taylor. 

A Bugbear of Economics. Professor Herbert Adol- 
phus Miller. 

The Germans at School. Professor Hugo Miinster- 
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The Progress of Science: 
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“A Noble Vision of the Meaning of History” 


BOOKS BY PROFESSOR CARL HEINRICH CORNILL 


THE PROPHETS OFISRAEL. Popular Sketches from Old THE RISE OF THE PEOPLE OFISRAEL. In “ Epitomes 
Testament History. Translated by S. F. Corkran. $1.00 of Three Sciences: Comparative Philology, Psychology, 
net. Paper, 30 cents. and Old Testament History.” H.H.Oldenberg, J. Jastrow, 

THE HISTORY OF PROCES C. H. Cornill. Cloth, 50cents net. (28.6d.) 

Earliest Times to the Destruction of Jerusalem by the Ro- ’ 
mans. Translated by W. H. Carruth. Cloth, $1.50. (72.6d.). “0810 IN THE OLD TESTAMENT. Paper, 2 cents 


ARTICLES BY CORNILL 


The Education of Children in Ancient Israel. Monist. The Psalms in Universal Literature. Open Court. 
Vol. XIII., p. 1. Vol. XII., No. 507, p. 440. 


The New Bible and the Old. Monist. Vol. X., p. 441. Scienceand Theology. OpenCourt. Vol. XI.,No.488, p.35. 
The Polychrome Bible. Monist. ‘Vol. X., p. 1. The Song of Songs. Open Court. Vol. AII., No.505, p. 371. 


I’ PROFESSOR CORNILL we have one of the most scholarly professors of Old Testament Theology, and at the same time 
a man of unusual devotion and Christian piety. Among the higher critics he is recognized as a leader, and having at- 
tained his results almost in spite of his own preferences, presents them with great delicacy and with unusual symjathy 

for the traditional interpretation. ; 


** An accomplished and conscientious scholar, and of a truly religious spirit.’",— The Outlook. 


‘It is good that the church should take an interest in the past and especially good when the present is so full of press- 
ing questions and living issues. There have been times when the church has been prone to live too much on the past but 
those were not times when the significance of that part was most clearly eniemieed ; it was not the living past to which 
intelligent homage was paid but a dead past jetrified into hard dogmas that were worshiped. In our own time it is from 
the men of ‘ science’ even more than from the theologians that the message concerning the meaning of the past has been 
expressed with greatest force. It is possible for us al] now to take a large, comprehensive view of great world-movements.” 
—Proressor W. G. JORDAN, Queen’s University, Kingston, Ontario, in the Biblical World. 


THE OPEN COURT PUBLISHING CO., 623 SOUTH WABASH AVE., CHICAGO, ILL. 


Publishers and Importers of Standard Books on Philosophy, Science, and the History of Religions, Classical and Modern. 
Founded in 1887 by Edward C. Hegeler for the purpose of establishing religion upon a scientific basis. 
SEND FOR COMPLETE ILLUSTRATED CATALOGUE. 


The Eugenics and Biometric Laboratories JOURNAL OF THE WASHINGTON 
ACADEMY OF SCIENCES 
have recently issued the following :— Edited by Grorce K. Buraess, D.Sc., BarTox W. EVERMANN, 


A Monograph on Albinism in Man. By Kart Pearson, Px D.. and FREDERICK LESLIE RANSOME. PH.D. 
E. NETTLEsHIP, and C. H. Usaer, Text, Part I, and Appears semi-monthly, except in summer, when monthly, 


Atlas, Part I ,with 52 Plates containing 185 I])ustrations of : “en ” 
Albinism, Piebaldism, and Leucoderma. Price, 35s. net. Arms to canto asan American “Comptes Reudus and in 
addition to give a complete record of the scientific work done 


in Washington in the form of short original papers, authors’ 
Price, Is. net. | abstracts of government and other publications and the Pro- 
The Influence of Parental Alcoholism on the Physique | ceedings of the Washington Scientific Societies. 
and Intelligence of the Offspring. By Erne. M. 
ELDERTON, assisted by KARL PEARSON, F.R.S. Second CoNTENTs OF No. 8, Nov. 19. 19'1. 
Edition. Price, 4s. net. A determination of the international ampere in absolute 
A Second Study of the Influence of Parental Alcohol- measure. E. B. Rosa, N. E, Dorsey and J. M. Miller; Resist- 
trem ance coils for alternatingcurrent work 4H. L. Curtis and F. 
ELDERTON. y ro Price, 4s. net. | W. Grover; Helium tubes as light standards. P.G. Nutting; 
A Reply to Criticisms ofthe Galton Laboratory Memoir: | Some new compounds of the choline type. G. A. Menge; 
“‘A Pirst Study of the Influence of Parental Alc hol- | Research work of the division of foods of the bureau of 


&e. Price, | Chemistry. H. W. Wiley; The colorimetric and physiologi- 
reasury of Human Inheritance (Pedigrees Of FRY | 4) estimation of the active principle of the suprarenal gland 
Fi an n 
cal, Psychical d Pathological Characters i W. Hale and Seidell; The wilting coefficient for different 


Man). Parts Viland VIII. Dwarfism. With upwards | 
of 100 illustrations and 8 Plates of Pedigrees. Ready im- | plants and its indirect determination. L. J. Briggs and H. 


mediately. Price 15s. net. L. Shantz. 


The Fight against Bs Pat and the Death-Rate Abstracts: Meteorology, Physics, Physical Chemistry, 
from Phthisis. By PEARSON, F.R.S. Price, 1s. net, | Chemistry, Geology, Economic Geology, Petrology, Biology, 


The jatensity of Natural Selection in Man (a Study - Fisheries, Plant Pathology, Entomology, Psychopathology. 


University of London 


the Application of Darwinism to Man). By Subscri; tion $6.00 (post free) for the 18 months, July 1911 to 
Now, WA. Price, net. | December 1912, and $6.00 a year thereafter. Address 

On the Marriage of First Cousins. By ETE. M. ELDER- 
TON. Price, 1s. net. Dr. A. L. DAY, Treasurer, 


Geophysica! Laboratory. 
Washington, U.S.A. 


Sample copies sent on request. 


The above may be obtained from 
Messrs. Dulau & Co., Ltd., 37 Soho Sq., London, W. 
Either direct or through any bookseller 
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THE KNY-SCHEERER CO. 


404 West 27th St., NEW YORK 
Scientific Apparatus and Instruments, Chemicals, 
Anatomical and Biological Models, Natural History 
Specimens and Preparations, Wall Charts, Museum 
and Naturalists’ Supplies. 

GLASS JARS LABORATORY SUPPLIES 
Illustrated Catalogues on Application 


Department or 


Natural Science 
G. LAGAI, Ph.D. 


RECENT BOOKS 
OF INTEREST 


Olsen’s Pure Foods: Their Adultera- 


tion, Nutritive Value and Cost 
80 cents 


Ata time when intelligent people are realizing 
more and more the necessity for a fuller know- 
ledge of the nature and functions of focds, this book 
is of vital value. 


Carver’s Principles of Rural Economics 
$1.30 


RuRAL Economics differs from other books on 
agriculture mainly in its discussion of every problem 
from the standpoint of national « conomy rather than 
from that of the individual] farmer. 


Bergen and Caldwell’s Practical Botany 
$3,30 


The word PRACTICAL describes 
Serviceable materia] relating to horticultural, agri- 
cultural, and industrial interests is included giving 
the student a broad and thoroughly up-to date 
course 


| 


GINN & COMPANY 


Boston New York Chicago Lendon 
Atlanta Dallas Columbus 
San Francisco 


Goode’s 
Base Maps 
For classes in geography, geology, eco- 
nomics, history, etc., 18 objects. Two sizes: 
8x104 in., le; 15x10} in., 3c; perforated 
for note book. Suitable for ink or pencil. 
Samples on request. 


THE UNIVERSITY OF CHICAGO PRESS 
CHICAGO, ILLINOIS 


ROMEIKE’S 
PRESS CLIPPINGS 


are now an absolute necessity for every scientific man. 
By methodical searching through the most important 
papers and periodicals published in this country and 
abroad we are able to supply you at short notice with 
information on any subject which perhaps you would 
be unable to find yourself in libraries or reference 
books after spending days or even weeks at such a 
ask. Write for further information. 


HENRY ROMEIKE, Inc. 
106-550 Seventh Avenue New York City 


ELEVENTH EDITION 
THE MICROSCOPE, 


an introduction to Microscopic Methods and to Histology. by 
Simon HENRY GaGE of Cornell University. The 11th edition 
has eight pages of new matter and corrections, otherwise it is 
like the 10th ed. Price $2.00 postpaid. 


COMSTOCK PUBLISHING CO., Ithaca, N. Y. 


MARINE BIOLOGICAL LABORATORY 


Woods Hole, Mass. 
ply artment. 

t. Zoolugy. Preserved material of all types of animals for 

class work or for the museum. 

2. Embrvological Material of some invertebrates, fishes (in- 
cluding Amia and Lepidosteus), Amphibia and some mam- 
mals, 

8. Botany. Preserved material of Algae, Fungi, Liverworts 
and Mosses. 

For price lists and information. address 

GEORGE M. GRAY Curator, Woods Hole, Mass. 


Assistant in Biology 


Applications are requested for assistant in Biology, in the 
School of Agriculture, Macdonald College, P. Q., Canada. 
Graduates of an agricultural college preferred. Position to 
be filled as soon as possible. Salary $800.00 with rooms and 
board. Apply, THE PRINCIPAL, Macdonaid College, 
P.Q., Canada, 


JULIEN’S POWER AND FOOT LATHES 
Use of Geologists, Mineralogists, Petrographers, Met- 
allurgists, Mining Engineers, in SLICING an 
POLISHING all hard substances, rocks. etc., and in 
preparation of MICROSCOPIC THIN SECTIONS. 


GUSTAVUS D. JULIEN 
3 Webster Terrace NEW ROCHELLE, N. Y. 
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SCIENCE 


4 WEEKLY JOURNAL DEVOTED TO THE 
ADVANCEMENT OF SCIENCE 


Entered in the post-office at Lancaster, Pa., as second 
class matter. 


TERMS OF SUBSCRIPTION 
Five dollars annually in advance: single copies, 15 
cents. Subscriptions, changes of address and adver- 
tisements should be sent to ScrENcE, 41 North Queen 
Street, Lancaster, Pa., or Sub-station 84, New York, 
or Garrison, N. Y. 


ADVERTISING RATES 
Preferred position............. 27 
OUBSIES COVET 36 
DISCOUNTS 
40 t. 2 
6 pp..--..30 p---.. & 
Published every Friday by 
THE SCIENCE PRESS . 
Lancaster, Pa. Garrison, N. Y. 


Sub-Station 84: New York 


HARVARD MEDICAL SCHOOL 


THE MEDICAL DEPARTMENT OF 
HARVARD UNIVERSITY 


FFERS THE FOLLOWING VARIETIES OF INSTRUCTION 


COURSE FOR THE DEGREE OF M.D. 4." 


course is open to holders of a bachelor’s degree from a recog- 
nized college or scientific school, and to persons who, having 
studied specified subjects during two years in college, are per- 
mitted to enter as special students. Specia] students receive 
the M.D. degree if, during residence, they attain high rank. 
The studies of the fourth year are wholly elective; they in- 
clude laboratory subjects, general medicine and surgery, and 
the special clinical branches. The School-year extends from 
the Monday before the last Wednesday in September to the 
Thursday before the last Wednesday in June. 


COURSE FOR THE DEGREE OF Or.P.H. o72°2: 


medicine and other properly qualified persons may become 
andidates for the degree of Doctor of Public Health. 


CJURSES ror HIGHER ACADEMIC DEGREES 


Properly qualified students may pursue in the laboratory de- 
partments stuuies leading to the higher academic degrees,— 
A.M., 8.M., Ph.D, and § D. 


Throughout the School-year, 
GRADUATE COURSES special courses open to ered: 
uates of recognized medical schools are offered in the various 
subjects of practical medicine and the medical sciences. 


In all the laboratories o rtunity is given at 
RESEARCH all times for properly qualified’ persons to 


conduct original investigations. 
not candidates for the degree 
SPECIAL STUDENTS, of M. D., are admitted, under 
certain conditions, to all courses in the School. 
During the summer months, Junel 
SUMMER SCHOOL so 30, specially planned 
courses are epen to both medical students and graduates. 


FOR A DETAILED ANNOUNCEMENT ADDRESS 


HARVARD MEDICAL SCHOOL, Boston 


Cornell University Medical College 


Entrance I. Graduates of approved {Colleges or | 
Requirements Scientific Schools, or 
q Il. Seniors in such Colleges on condition | 
the candidate presents the Bachelor’s degree | 
before seeking admission to the second year | 
in medicine; or 
Ill. Those presenting the full equivalent | 
of the above as determined by examination. | 
IV. All candidates must present evidence | 
of having pursued major courses in general 
inorganic chemistry, with qualitative and 
quantitative analysis, Physics and Biology, 
covering at least a year’s instruction with 
' laboratory work in each subject. 
Curriculum Graded to take advantage of advanced en- 
trance requirements. First Year devoted to 
Organic and Physiol gical Chemistry, Anat- 
omy and Physiology. Medicine, Surgery 
Obstetrics and Pathology begun in the second 
year and laboratory Pharmacology com- 
leted. Didactic and laboratory instruction 
in all clinical subjects completed in the early 
part of the fourth year and followed by 21 
consecutive weeks of all day bedside instruc- 
tion in hospital wards. : 
Session opens the last Wednesday in Sep- 
tember and closes the second week in June. 
Class divided into sections of 5 to 10 
students each for clinical instruction in dis- 
nsary and hospital. Systematic daily con- 
erences with teachers at the bedside and in 
the laboratory form the main plan of 
instruction. 
The first year in medicine may be taken | 
either at New York City or at Ithaca, later | 
years only at New York. 


For further particulars apply to the 


Dean, ‘Cornell University Medical College 
New York City. 


instruction 


28th Street and_First Aveuue 


TULANE 


UNIVERSITY 
LOUISIANA 


‘The University announces the inauguration 
of Courses in 


Tropical Medicine, Hygiene 
and Preventive Medicine 


for advanced students, teachers, physicians 
and others properly qualified. 
Baltetin furni-hed on request. 
Medical Department and Department of 
Pharmacy Open October f, 1931. 


For all information address 


DR. ISADORE DYER, DEAN 
P. O. Drawer 263 New Orleans, La, 
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‘7° Schoul of Medicine of The University ot Pennsylvania ‘' 


The One Hundred Forty -Sixth Annual Session of this Institution will open September 29, 1911, and continue 
until June 19, 1912. 

REQUIREMENTS FOR ADMISSION  : Candidates must havesuccessfully completed work equiva- 
lent to that prescribed for the Freshman aud Sophomore Classes in colleges recognized by this University, which 
must include a knowledge of Physics, Chemistry and General Biology or Zoology, together with appropriate labora- 
tory exercises in each of these subjects, and two languages other than English (one of which must be French or 
German). For detailed information send for catalogue. 

Certificates from recognized colleges covering these requirements will be accepted in place of an examination. 

Couditious will hereafter not be permitted to applicants if in anyway conflicting with the roster of the medical 
school; so that in these scientific subjects especially the records of the student should be complete before applica- 

n for admission. 

- ™ NDERGRADUATE COURSE: The course of instruction extends over four annual sessions, the” 
work so graded that the first and second years are largely occupied by the fundamental medical! subjects. The 
third and fourth years are largely devoted to the practical branches, prominence being given to clinical instruction, 
and the classes sub-divided into smal! groups so that the individual students are brought into particularly close and 
personal relations with the instructors and with the patients, at the bedside and in the operating room. It is strongly 
recommended that after graduation further hospital work be undertaken by the members of the class; and at least 
90 per cent. as a rule attain by competitive examination or by appointment positions as internes in hospitals in this 


POST GRADUATE WORK: ( Ang graduate Fy, Patholog baccalaureate degree may pursue work 


in Anatomy, Physiology, Physiological Chemistry, Bacteriology, Pathology, Neuropathology, and Menta! Diseases 
with view of obtaining the higher degrees of Master of Arts or Science and of Doctor of Philosophy in the Graduate 
School of the University. For information address Dean of Graduate School, University of Pennsylvania. 

(2) Courses in Public Health (inaugurated in 1906), leading to diploma, are open to graduates in Medicine. 
The subjects comprehended in the course are: Bacteriology. Medical Protozoology and Entomology, Chemistry, Sani- 
tary Engineering. Sanitary Architecture, Meat and Milk Inspection, School] Inspection, Vital Statistics, Sanitary 
Legislation. and Personal and Genera! Hygiene, 

* The full course extends over one academic year. Special subjects in the course mot ve taken by any one 
possessing suitable preliminary qualifications. For details address Director of Laboratory of Hygiene. 

(3) From the opening of each term to about February | courses in Tropical Medicine are open to graduates in 
medicine, comprehending instruction in Medical Climatology and Geography, Hygiene of Trupics and of Ships, 
Tropical Medicine, Bacteriology, Protozoology, Entomology, Helminthology and General Medical Zoology, Path- 
ology, Skin Diseases, Eye Diseases, and Surgery of Tropical Affections, 

(4) During the academic session special courses in any of the branches of the medical curriculum are open to 
graduates of (his or other reguiar schools of medicine, both in the clinical subjects and in laboratory studies. The 
excellent hospi'al facilities offered by the University Hospital, the neighboring Philadelphia General! Hospital! and 
other institutions with which the members of the staff of instruction are connected, guarantee exceptional oppor 
tunities for clinical Observation. 

TUITION FEE; Undergraduate study, $200 annually; fees forspecial courses on application. For detailed 
information or catalogue address 

DEAN OF SCHOOL OF MEDICINE 


UNIV=RSITY OF PE NNSYLV4ENIA PHILADELPHIA, PA 


UNIVERSITY OF MINNESOTA 
College of Medicine and Surgery 


RUSH MEDICAL COLLEGE 
In affiliation with 
The University of Chicago 
CHICAGO 
INSTRUCTION 


MINIMUM ADMISSION REQUIREMENTS 
Two full years of college work including two years of 
chemistry and one year each of physics, biology and 
modern lanzuage. 

COURSE + OF STUDY 
SEVEN YEAR COURSE leading to the degrees of B.A. 
and M.D. Three years in College of Science, Litera- 
ture and the Arts or the equivalent, and four vears in 


medicine. Other academic volleges of equal standing 
may affiliate on the same terms 

SIX YEAR COURSE leading to degrees B.S. and M D. 
The work of the two academic years is prescribed 

SIX YEAR COURSE leading to degree of M.D. Work 
of two academic years elective except the above mini- 
mum requiremeuts. 


OBLIGATORY HOSP TAL YEAR 


Beginning with the class entering in 1911, a fifth year 
spentin interne hospital service in approved institu- 
tions will be required for graduation, with entrance 
requirements as stated above. 


EQUIP MENT 


The College at present occupies seven fully equipped 
builtings and enjoys all the hospital and dispensary 
facilities which dre afforded by the Twin Cities with a 
population of over 500,000. The University Hospital 
facilities are greatly inereased by the completion of the 
Elliot Memoria! Hospital. The new Institute of Anat- 
omy ane new Millard Hall buildings will be occupied 
in June, 1912. 


GRADUATE WORK 


Students mey elect studies in the laboratory depart- 
ments a8 majors Or minors for the deerees of MA , 
M.S3.,Ph.D.,or S*.D. Opportunity is given to gradu- 
ates in medicine to review the regular courses. or to 
take advanced work. 


TUITION—$150 per annum. 


For bulletin containing fall information, address 


| 
| 
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The fundamental branches (Anatomy, Physiology. 
Bacteriology, etc.) are taught in the Departments of 
Science at the Hull Biological Laboratories, Univer- 
sity of Chicago. The courses of two (or three)clinical 
Nae are given in Rush Medical College and in the 

resbyterian, the Cook County, the Children’s Me 
morial, and other hospitals. 


PRIZE SCHOLARSHIP 


Three prizes are offered to undergraduates and one to 
graduate students of recognized literary and scientific 
colleges for theses setting forth the results of original 
research work in any of the sciences fundamental to 
medicine. The purpose of these scholarships is to 
encourage prospective medical students to develop 
and cultivate the investigative spirit so indispensable 
in the study and practice of medicine. 


GRADUATE WORK 


Abundant opportunity is offered to practitioners and 
other graduate students who desire to refresh their 
knowledge of the medical branches, to become famil- 
iar with the recent advancesin the medical sciences 
or to pursue independent investigation, 


The Spring Quarter commences April 3, 1911. 


TUITION 


$60.00 per quarter—no laboratory fees. 


Complete and detailed information may be secured by 


Minneapolis 


F. F. WESTBROOK, M.D., Dean 
Minnesota 


addressing 
THE UNIVERSITY OF CHICAGO, CHICAGO, ILL. 
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RECTANGULAR MUSEUM JARS 


We supply special sizes of Rectangular Museum Jars to meet the requirements of many prominent anatomists, 
c.g and zoologists, particularly in the following institutions: Princeton University, Harvard University, 
niversity of Pennsylvania, Johns Hopkins University, Columbia University, University of Wisconsin, etc. 
Lowest “Duty Free’”’ prices wi!l be quoted on application. We are the largest importers of these jars in the 
United States and offer many sizes not to be had elsewhere. 


ARTHUR H. THOMAS COMPANY 


IMPORTERS AND DEALERS 


MICROSCOPES, LABORATORY APPARATUS AND CHEMICALS 
1200 WALNUT STREET, PHILADELPHIA 


LOGIES OF PARTS IN SELECTED REPRE- 
SENTATIVES OF THE GREAT GROUPS OF | 


Vaucheria, Oedogonium, Coleochaete, Riccia, | 


logies of the organs—vegetative, reproductive, sporo- 
genous, ete. Shows in a striking manner the pro- 
gressive differentiation of the sterile tissues of the 


sporophyte. Has been found a very useful aid to 


CHART SHOWING PROBABLE HOMO- 


HAWAII 


By CHARLES H. HITCHCOCK, LL.D. 


Emeritus Professor of Geology at 


| 

GREEN PLANTS. 
| 

| 

A chart 32x22 in. dealing with Spirogyra, | 

| 


Dartmouth College. 
Marchantia, Anthoceros, moss, fern, Selagi- 
nella, pine and angiosperm, Enumerates all the Second Edition with Supplement 
parts of the sporophyte and gametophyte, indicates SSS 
relative dependence, and shows at a glance the homo- A complete history of the two 


celebrated active Hawaiian Vol- 
canoes. 


Price $2.50 by mail. 


class-room instruction in several colleges and uni- Send orders to 
= HAWAIIAN GAZETTE CO 
Single copies 25 cents HONOLULU, T. H 


Reduction on lots of 10 or more 
Or to the AUTHOR at 


Hanover, N. H., till Sept. I. 


E. J. DURAND, Columbia, Mo. 


AND ITS VOLCANOES 
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WM. GAERTNER & CO 


Astronomical and 
Physical Apparatus 


SPECIALTIES 


Standard Apparatus of New and Improved Designs 
Reading Microscopes and Telescopes 


Astronomical Telescopes Dividing Engines 
Spectroscopes Comparators 
Michelson Interferometers General Laboratory Apparatus j 
Heliostats Universal Laboratory Supports ' 
P 
5345 and 5349 Lake Ave. CHICAGO 


Optical Parts or Complete 


Astronomical and Physical Instruments 
For Laboratory or Research Work 


Our Catalog of Optical Parts, such as Objectives, Spherical and Parabolic Mirrors, True 
Planes, Parailel Plates, Echelon Spectroscopes all varieties of Prisms, Ray Filters, Photographic 
Screens, Observing Telescopes and Eyepieces of all description sent on application. 


O. L. Petitdidier Optical and Instrument Works 
5423 Lake Avenue, Chicago 


PUBLICATIONS 
MERRIMA N—Treatise on Hydraulics. By Mansrietp Merriman, Member of Ameri- 
can Society of Civil Engineers Ninth Edition, Revised and Reset with the assis- 
tance of THaAppDEUS MerrIMaAN, Member of American Society of Civil Engineers. 


Total Issue Thirty-Seven Thousand. 8vo, x+565 pages, 224 figures. Cloth, 
$4.00 net. 


BLANCHARD-DEOWNE—Highway Engineering. As Presented at the Second In- 
ternational Road Congress, Brussels, 1910. By H. BLancuarp, C.E., A.M., 
Professor of Highway Engineering in Columbia University of the City of New York, 
and Henry B. Drowne, C.E., Instructor in Highway Engineering in Columbia 
University of the City of New York. 8vo, v+299 pages. Cloth, $2.00 net. 


FRITZ—The Autobiography of John Fritz. Svo, vi+327 pages, illustrated with full 
page half-tones. Cloth, $2.00 net. 


KARA PETOFF—Engineering Applications of Higher Mathematics. By V. KaAra- 
ia, PETOFF. Part 1. Problems on Machine Design. Large 12mo, xv+69 pages. 
Cloth, 75 cents net. 


HOLLEMAN-COOPER—A_ Text-book of Inorganic Chemistry. By Dr. A. F. 
HoLLeMAN, Professor Ordinarius in the University of Amsterdam. Issued in Eng- 
lish in Co-operation with Hermon CHArLes Cooper. Fourth English Edition, 
Completely Revised. 8vo, viii+505 pages, 79 figures. Cloth, $2.50. 


43 and 45 East 19th Street, New York City 


London: Montreal : 
CHAPMAN & HALL, Limited RENOUF PUBLISHING CO. 
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